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The Journal of Sports Medicine and Physical Fitness
J Sports Med Phys Fitness-9267
Plantar pressures in male adolescent footballers and its associations with bone

geometry and strength

We would like to thank all the reviewers and the editor for their time reviewing-our
manuscript. All the comments performed by the reviewers have been censidered and
have undoubtedly improved the manuscript quality. To make it easier for.the reviewers
to detect the changes performed, we have applied the strikeout font in red for deletions

and highlighted the additions in yellow.

Comment 1

General comment (originality, scientific‘aceuracy, strengthis’and/or weaknesses):
Overall, the topic is of interest, the data are meaningfui,and the &authors reported
a significant difference in bone-mineral content between highschool athletes who
typically generate high foot‘maxirnum pressuresvs. those-who generate low foot
maximum pressures when perferming various-football (soccer) related tasks.

However, the Discussion-needs to be rewrittentofocus on the results of the study.

Response: Thank you very much-for yolrdruitful revision of our manuscript. Attached a
detailed replyetow. Moreaver, the Diseussion has been rewritten following the

specific’.comments proposed by the reviewer.

Theterm football in the title should be replaced with soccer to reduce confusion

with the term football as in American football.

R: We have change the term ‘football’ for ‘soccer’ along the manuscript. We have also

changed ‘FOOT-HP’ and ‘FOOT-LP’ for ‘SOC-HP’ and ‘SOC-LP’.

This study has one statistically significant finding — differences in MPs between the
groups — but the authors state other differences that were not substantiated or

found (there was no difference between the groups for bone geometry



OLooONOOTULTE, WN R

Page 2 of 70

measurements).

R: The reviewer is right. After including a control group in this study, we have rewritten
the results section in the abstract and the second paragraph of the discussion section as
follows:

Abstract, Results

‘Nevertheless, no significant bone geometry and strength differences were found
between soccer groups and between SOC-LP and CG (p>.05).’

Discussion, Paragraph 4

‘In the present study, higher-but-netsignificantdifferences-at- AL CEAF-CETh-
fractiretoadHino>C-axds-and-SShp-between FOOT-HP-and-FOOT-£P-when SOC-LP were

compared to SOC-HP and CG, no bone differences at-any bone geomietry and strength

parameters were found.’

Although stress fractures are associated-with repetitive stresses; ifie relationship
between the MPs in this study and-stress fracturefis-fniot suhstantiated by the

results of the study (is speculative; at best).

R: We agree with the reviewer and, conseguently;@h-explanations which related the

results of the present study with stress:fractureés-have been deleted.

The authors need-a betterexplanation for the importance or practical application

of theiv actual results.

R:Due to only those soccer players who developed high-plantar pressures showed
higher Tt.BMC, Ct.BMC and Ct.Ar than controls, it could be observed that developing
high plantar pressures could provoke an extra stimuli on bone. Thus, the main practical
implication of the present study is that those soccer players who are capable of
performing soccer-specific actions at high intensity might increase the impact received
and consequently, improve their bone health. For instance, the inclusion of high-
intensity exercises during trainings would help to increase the intensity of the actions
performed during matches and, at the same, bone status. We have added this
information in conclusion section as follows:

Conclusion, paragraph 1
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‘Overall, mechanical loading produced by foetbaH an-execessiverepetition-ofthese-high-
: i loadi ld also i herisk of : ol lirbs—Thus.
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benefit-of footbal-practice-on-bene. soccer-specific actions increases bone

development; nevertheless, performing soccer actions at high intensity might increase
the stimulus on bone and, at the same time, provide an extra gain of bone geometry:.
Thus, an increment of the intensity of soccer trainings could also increase the intensity

during matches and, at the same time, bone health of soccer players.’

The authors should explain why there were differences in MP betweery these two
groups of soccer players. Were these differences due to playing pasition, skill level,

other maturational differences, or what?

R: In our opinion, these differences in\MP-between soccer groups areznainly explained
by the ability to perform soccer actiens-at high intensitysinstead G playing position and
skill level. Furthermore, all participants were instructed to‘performed the whole circuit
at maximum speed and onty those players who were capable of doing at higher intensity
demonstrated greater Tt.BMC, Ct.BMCrand Ct.Ar than controls. On the other hand, we
think that these differences were ngr-due to maturity status because soccer groups did
not show different. maturity offset. This-itiformation has been added in the manuscript as
follows:

Discussion, paragraph 2

“The results obtaiined in the present study also demonstrated significant MP differences
between the two soccer groups with different plantar pressures. These differences might
be explained by the fact that those players with high plantar pressures have the ability to
perform soccer specific actions at high intensity. On the other hand, to reduce the
possible influence of playing position and skill level of participants on plantar
pressures, soccer players performed two sub-maximal familiarization trials of the circuit
and, afterwards, they were instructed to execute other two trials at maximum speed.’

The manuscript would be strengthened if the results (e.g., BMC, bone geometry
measurements) were presented and explained in relation to values for

nonexercising, “normal” males 11-14 yrs of age.
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R: As the reviewer has proposed, one way analyses of variance (ANOVA) has been
applied to compare bone variables between two soccer groups and controls using weight
and the length of the tibia as covariates and applying Bonferroni adjustment. In this
analysis, Tt.BMC and Ct.BMC differences between soccer groups which were observed
in previous analyses have disappeared. It could be explained by the fact that-ihe
inclusion of controls in the analysis changes how the statistical analysis-adjusts the
results by the covariates used and Bonferroni corrections. Nonetheless;-the findings
obtained in this analysis are in line with previous results since only.soccer playerswith
high plantar pressures showed greater Tt.BMC, Ct.BMC and/Ct.Ar, than controls, Due
to the inclusion of a control group in the present study;, Table Ii, imaterial gnd methods,
results and discussion sections have been modified. The results obtairied:are shown in

the following table:

Table 1. Adjusted pQCT values of soccer players with law and high plantar pressures.aind contiois:

SOC-HP SOC-LP CON Test statistic

(n=15) (n=25) (n=43) \
Bone geometry
Tt.BMC (g) 3.22 +0.28* 3.05+0.28 2.95+0.28 F(2,48) = 3.3, p=.044, 1% =0.12
Ct.BMC (g) 2.95+0.26* 2.77+£0.26 2.68 +0.26 F(2,48) = 3.8, p =.030, n% = 0.14
Tt.Ar (mm?) 398 £ 35 388 35 369 £ 35 F(2,48) = 2.4, p =.097, n% = 0.09
Ct.Ar (mm?) 280 + 27* 266 * 27 253 %27 F(2,48) =3.4,p=.043, 1% =0.12
Bone strength
Ct.Th (mm) 5.12+0.43 4.88 £0.43 4.77+0.43 F(2,48) = 2.4, p = .098, n% = 0.09
Frc.LdX (N) 3233.3 £ 428.6 3041.8 £426.1 3015.1£424.9 F(2,48) = 1.2, p = .315, n% = 0.05
SSlp (mm?3) 1445.8 + 181.8 1362.7+180.8 1292.3 +180.2 F(2,48) = 2.5, p=.092, 1% =0.10

Values are mean + SD: pQCT variables adjusied by weight and tibia length.

SOC-HP: soccer-piayers with-high maximum vaiues of thecaverage pressure; SOC-LP: soccer players with low maximum
values of the average pressure; CON: controis; pQCT: peripheral quantitative computed tomography; MD: mean difference;
Cl: confidence interval; T+:BMC: tota! veiumetric bone mineral content; Tt.Ar: total cross sectional area; Ct.BMC: cortical
volumetric bene imingrat content; Ct.Arz cortical cross sectional area; Ct.Th: cortical thickness; Frc.LdX: fracture load in
axe X; SSip: strength strain indeXin polar; n?%: partial eta squared.

*: p < .05-differences between SOC-HP and CON.

In addition, it would be interesting to know if actual MPs during two separate

steps (cut vs. push-off) in the circuit were different.

R: We agree with the reviewer; nevertheless, we only have the mean of the entire
circuit, without separating by soccer-specific actions. Thus, we have added this
information as a limitation of this study as follows:

Discussion, Paragraph 6

‘Another limitation is that MP were measured for the whole circuit instead of being

measured for each task separately.’
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Major corrections (main criticisms):

Major edits:

Procedures
Page 5, line 34: Maturity offset needs to be defined. In addition, how thiswas used
in the data analysis needs to be described. Also, a reference is needed farthe peak

height velocity calculation.

R: We have defined maturity offset as follows:
Material and methods, Maturity offset, paragraph 1
‘Maturity offset, described as the time (years) befcre arid after the age o1 peak height

velocity, was calculated using the following equation:proposed by-Moore et al.’

Maturity offset and the age of peak heightweloeity were used to describe participants
included in the present study and-to-demonstrate that‘alfgroups-fiad similar
characteristics. Nonetheless, if the reviewer suggests removing these variables, we will
do it.

The reference forthe age of peak height velecity calculation is also Moore et al.
(reference ritimber. 19 in the manuscript). This-reference has been added in the

manuscript:

Pages 6, lines 19<30:°The authors should insert sentences about the validity and
reliability for determining plantar mean pressures (e.g., margin of error is ?% or

coefficients of variation ).

R: We agree with the reviewer, nevertheless, we cannot calculate coefficients of
variation for plantar pressures because only the trial with the highest plantar pressures
was saved. This information has been added as a limitation of this study as follows:
Discussion, Paragraph 6

‘Furthermore, the validity and reliability for determining MP could not be calculated

because only the trial with the highest plantar pressures was saved.’
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Page 9, Line 16: There is NO Table I11.

R: This table refers to the supplementary Table I11 that was submitted in the manuscript

as additional material. The Supplementary Table 11 is the following one:

Supplementary Table 111 Adjusted maximum values of the average pressure of foetbal soccer players.wvith low
and high plantar pressures.

SOC-HP SOC-LP MD (95% CI) Test statistic
(n=15) (n=25)
MP (kPa)
Lateral 333.6+129.4 205.9+129.2 127.7 (41.8, 213.5)* F(1,37)=9.1, p =.005, n% = 0.20
Medial 420.9 £ 66.1 244.7 £ 65.9 176.3 (132.5, 220.1)* F(1,37) = 66.4, p(€001, n% = 0.64
Rearfoot ~ 608.2 + 166.2 429.9 + 165.9 178.2 (68.0, 288.5)* F(1,37) = 10.%/p = .002, n% = 0.23
Midfoot 224.3 +165.8 187.1 + 165.5 37.1(-72.8,147.1) F(1,3%=05, p=.498, 1% = 0.01

Forefoot 376.7+76.2 237.1+76.1 139.6 (89:1, 190.2)* F(1,37)'=31.3, p<.001, n% = 0.46

Values are mean + SD. Plantar pressure data adjusted by weight.

FOOT-SOC-HP: feotbal soccer players with high maximum vaities of-the average pressure; FOOFSOC-LP:
foetball soccer players with low maximum values of the.average piessure; MR niaximum value of the average
pressure.

* significant differences between groups. The effect size for 1%, can be simall (0.01 -~ 5:06), medium (0.06 — 0.14) or
large (>0.14).

Discussion
Page 9, Lines 34-36: A hypothesis cannigt be partialty confirmed. Omit this and
state bone mineral contents'were not statistically significantly different between

the groups. The authors can’t repsrt what they hoped to have in the results.

R: This statement has beetrdeleted and this paragraph has been rewritten as follows:
Discussion, paragragi1

“The present study shows that adolescent foetbaHers soccer players with higher plantar
pressures present enhanced Tt.BMC, ard Ct.BMC and Tt.Ar when compared to these

Page 10, Lines 1-10: The rationale that the two groups did similar exercises is

plausible, however, the rationale for similar impacts is not substantiated by the

data. The authors reported higher MP in one group vs. the other. This is not
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logical. Please rewrite.

R: The reviewer is right and consequently, the rationale for similar impacts during
soccer practice has been deleted. The paragraph has been rewritten as follows:
Discussion, paragraph 4.

“The lack of differences between feotbalt soccer groups could be explained by-the fact
that both groups did similar feetbal soccer exercises, and probably, had comparable

enhancements of the bone.’

Page 10, Lines 27-53: This is all speculation and really does not “discuss the résults

of the present study”. Omit.

R: Following the comment of the reviewer, this paragraph referring.io’stress fractures

has been removed.

Page 11, Lines 11-14: The authors-indicated that.ihesfirst limitation (shoe or foot
differences) was not different‘between the groups. Omit the first sentence. The
limitations of the study should be stated as-the'small sample size. Whether the
sample size was larger or smaller than-other. studies is not relevant. Omit that this

is the first study.~ seems unlikely.

R: As the reviewer has suggested, the lirnitation of shoe differences and the strength of
being thefirst study in this area have been removed. Moreover, after answering one of
the previous comment, the limitation of not measuring plantar pressures in each task
separately has been included. Thus, we have rewritten this paragraph as follows:

Discussion, paragraph 6.

3




OLooONOOTULTE, WN R

Page 8 of 70

biomechanical-parameters-such-as-plantar-pressures: The main limitation of the present

study is that the sample size of young soccer players is small and, therefore, the power
of this study is reduced. Another limitation is that MP were measured for the whole
circuit instead of being measured for each task separately. Furthermore, the validity and
reliability for determining MP could not be calculated because only the trial with the

highest plantar pressures was saved.’

Conclusion
Page 11, Lines, 18-24: The authors did not find a difference in bone)geometry

between the groups. This should be omitted.

R: In this sentence bone geometry refers to total arid.cortical bone miieral content. In
order to clarify this statement, we have modified this\paragraph as-fatiows:
Conclusions, Paragraph 1

‘In summary, the present study shows'that adoiescent feetbak soccer layers with
higher plantar pressures have better-bore-geometry-than-theseplayers-with-lower
plantarpressures Tt.BMC, Ct.BMC and Ct.Ar than controis; revertheless, those players
with lower plantar pressures do not show differences in bone geometry and strength

compared to those with high plantar pressures and coentrols.’

The authorsneed to state what thiey found in their results, not what they hoped to
find. The implication for stress fractures is really not a focus of the study and
shouldbe of lesser importance in the Discussion. The authors need a better
explanation for-the #mportance or practical application of their results. Explain
why there weredifferences in MP between these two groups of soccer players.

Were these differences due to playing position, skill level, or what?

R: The reviewer is right and we have rewritten discussion section taking into account all

the suggestions proposed by the reviewer.

Minor corrections (page, paragraph, line where the author must make the
corrections):

Minor edits:
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Page 2 of 24, Line 14: insert “foot” after nondominant

R: Done.

Lines 31-33: Values should be in the same order as presented in the text....greater

values should be presented first. Please check carefully.

R: We have rewritten this sentence as follows:

Abstract, Results.

‘Greater Tt.BMC, Ct.BMC and Tt.Ar. were found in SOC-HP compaied to CG
(Tt.BMC: 3.22vs2.95 g, Ct.BMC: 2.95vs2.68 g, Ct.Ar: 280vs253 mm?; p=:05).°
Line 37: No need to specifically reference Frost’s mechianostat theory in the
abstract...it is commonly known that increased forces on thé bone increase bone
deposition. Omit the theory here.

R: Done

Introduction

Please indent pairagraphs

R: All paragraphs of the manuscript has-been intended.

Page/4, line 9-10;-weuld should be substituted for will

R: We have changed ‘will’ for ‘would’.

Page 7, Lines 1-5: just state the range of coefficients of variation. The reader
should not have to look up another article to understand the variability in these

measurements.

R: The reviewer is totally right and coefficients of variation for each pQCT variable

included in the present study have been added.
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Page 8, Lines 40-44: No need to state each range for Cohen’s d or partial eta2.
Omit.

R: These ranges has been deleted for both Cohen’s and partial eta2.

Other comments:
Statistics — multiple t-tests increase Type Il error; the Bonferreni-adjustment

should be used.

R: Bonferroni adjustment option proposed by SPSS was used in-all ANOYWA. and
ANCOVA tests performed in the present study. This statement has beenadded in the
manuscript as follows:

Material and methods, Statistical analyses, paragraph 4

‘Bonferroni corrections were applied to controi the Type li-error of niditiple

comparisons.’

References
Journal article titles should be’italicized:

R: Done.

Comment2

General comment (originality, scientific accuracy, strengths and/or weaknesses):

The study is clear and well-written.

R: Thank you very much for your fruitful revision of our manuscript, we are grateful for

your insightful comments.

Methodology, including statistical analyses, for the most part, could be replicated
(except the determination of the high/low plantar pressure groups- there no
cutoffs).
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R: Cluster analysis was performed to divide soccer players in different groups with
similar plantar pressures. This analysis is specific for participants included in the study
and their descriptive characteristics, therefore, to replicate the analysis of the present
study, the similar steps explained in material and methods should be followed. On the
other hand, this analysis has been widely used in previous articles such as Prokasky et
al. (reference 24 in the revised manuscript) and Sanson et al. (reference 25-in'the revised

manuscript).

The reader is left wondering how coaches could use this'information to better

inform their players' techniques or practices.

R: We think that the main practical implication-of-this study is thatthose soccer players
who are capable of performing soccer-specificactions at highlintensity might increase
the impact received and consequently,improve their bone status. Corsequently, those
soccer players who perform high=tntensity exercisesqduring trainings could increase the

intensity of their actions perfermed-during matches and, aithe’same, their bone health.

Major corrections (main.criticisms):

The practicality foy the study in thispopulation is unclear. Although adolescence is
a critical stage-to.gain bone mass; onl{ 6% of males get osteopenia or osteoporosis,
while 50% ofwomien overage 50 have low bone mass. Therefore, one wonders
why; for-example, female soccer players were not studied. And though much of the
risk of low bone/mass is inherited, active soccer players do not seem like a high-

risk population-for the development of low bone mass.

R: We totally agree with the reviewer in the fact that the incidence of osteoporosis in
females is higher than males. Although this study is a part of a project which include
both male and female adolescent soccer players, the small sample size of female players
was the main reason for not including them in this study. It was very difficult to recruit
a high sample of female players because in Spain, the number of female adolescents
who play soccer is very low in comparison to the number of male adolescents.
Moreover, some of the girls included at the beginning of the project stopped playing

soccer and they did not perform plantar pressures measurements.
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Authors did not make a compelling case for separating the subjects into the high

and low-pressure groups.

R: We have followed an exigent analysis to group soccer players depending on their
plantar pressures. In this study, the analysis identified two groups which had different
plantar pressures. This statistical analysis does not provide cut-offs to be ina'group
since these cut-offs are dependent of the sample and the descriptive-characteristics of

the participants included in the analysis.

Several of the measurements were not different between groups, and igfact, in the
discussion, there was mention of higher injury rates\in those withdigher plantar
pressure. In the future, it would be best to use-age-matched cohtrols who are

sedentary or lightly active.

R: As the other reviewer has suggested;we have delgtedall stateiments related to
injuries and stress fractures. Moreover, we have-also perforimed ANOVA tests to
compare bone parameters between soccer groops-and-13 age-matched controls. The
results of this analysis are-in-line with thie results siigwed in the previous submission
since only soccer players with high-plantar pressures demonstrated greater Tt.BMC,

Ct.BMC and Tt.Ar.compared to-controls.

More discussion is needed as to why authors think there were no differences

between the three foot types as well.

R: In general, different foot types might be associated with different plantar pressures
distribution between players, nevertheless, these differences were not found in the
present study. This lack of differences between groups could be explained by the fact
that plantar pressure variables are obtained from the average of the maximum value of
all steps during the whole circuit. If plantar pressures values of different foot types were
compared in each task separately, maybe some differences would be found between
groups as Eils et al. demonstrated (reference number 15 in the manuscript). However,
we have not measured plantar pressures in each task separately. Thus, we have added

this information in discussion section as follows:
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Discussion, Paragraph 1

‘On the other hand, no plantar pressures differences were found between those soccer
players who wore different stud designs and had different foot types. This lack of
differences could be explained by the fact that plantar pressures values were measured
for the whole circuit instead of for each task separately. Moreover, this circuit consisted
of diverse soccer actions such as jumps, zigzag run or changes of direction and, as Eils
et al.1> demonstrated, each soccer-specific action mainly loads a different foot area.
Therefore, after calculating the mean of all tasks, the possible differeinces between foot
types could disappear.’

Discussion, paragraph 5:

‘Another limitation is that MP were measured for the whole circuit instead of being

measured for each task separately.’

What is the reliability/validity of the measurement tool used? Is it sensitive enough
to dichotomize athletes into “high” or “low> after performing afew sets of

calisthenics?

R: We cannot calculate the validity and reliagility for-determining plantar pressures
because only the trial with the highest piantar pressures was saved. This information has

been added as a’limitation in the manuscriptas foilows:

Discussion;.Paragraph 6
‘Furthermore, the validity and reliability for determining MP could not be calculated

because only the triaiwith the highest plantar pressures was saved.’

On the other hand, cluster analysis was performed to identify groups of soccer players
with similar plantar pressures being in this manuscript. Thus, we think that this division
performed by cluster analysis could be sensitive enough to group players with similar

plantar pressures.

How was the high vs. low cutoff determined?

R: There are no cutoffs to determine which soccer players are in the high or low plantar

pressures groups. The cluster analysis used identified in how many homogenous groups
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(similar plantar pressures) the sample of soccer players were divided into (in this sample

were two groups: soccer players with high and low plantar pressures).

Could the data be skewed if the athlete simply didn’t try their very best or altered
their gait mechanics to safely perform the drill while running with unfamiljar cleat

insoles?

R: We think that the data are not skewed for none of these reasons because soccer
players performed two familiarization trials of the circuit and, afterwards, they were
instructed to perform two trials at maximum speed. Moreover, the stud design-was'not
unfamiliar for them since they had been playing with their stud-design for/at.least five

months.

Minor corrections (page, paragraph, line where the authior“nust make the
corrections):

Introduction

Page 3

Line 8 Is there evidence that children whoexercisehefore/during puberty are at

lower-risk for osteoporosis/osteopenia-during aduithood? Please elaborate on this.

R: Childhood and-adolescenceare imperiant periods to prevent osteoporosis during
adulthood andold ages as-95% of maximum adult bone mass is achieved approximately
at 18.years irifemales and at 19 in males (Baxter-Jones et al.; reference number 3). This
information hasdeenincluded in the manuscript as follows:

Introduction, paragraph 1

‘Peak bone accretion occurs at 12.5 years in females and at 14.1 years in males? and,
after 4 years from this peak, 95% of the maximum adult bone mass has been already
attained.® Therefore, the prepubertal and peripubertal years are windows of opportunity

for maximizing the response to exercise and osteoporosis prevention.*’

Line 14 &#61664; A lot of discussion about peak bone mass, but primary outcomes
in this paper revolve around bone-mineral content. Are these different

measurements? Is one more pertinent to injury risk than the other?
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R: Peak bone mass is the amount of bone mineral content gained by the time a stable
bone status at the age of 25-30 years. Thus, both peak bone mass and bone mineral
content are directly associated. In addition to this, both variables are critical to know the
risk of having a bone injury since low bone mineral content values and peak bone mass

increase bone weakness and, at the same time, its injury risk.

Line 24 &#61664; not sure what “bone during growth” is referring to:

R: We have rewritten this sentence to better explain it as follows:
Introduction, paragraph 2
‘Focusing on bone-exercise interactions during growth; it is important to rpention that

not every sport produces the same effect on bone mass.’

Line 27 &#61664; be more specific with “gain’in"bone mass:”) Have previous
studies quantified how much bone-rmass.increase one can expect during each of
these sports?

R: The reviewer is right-and this septence hasheen modified to be more specific as
follows:

Introduction, paragraph.2

‘In fact, it hias'been observed that participatioryin high-impact sports such as feetbat
soccer,”? basketbail,® racguet’games'®is associated with a gain in bone mineral content
(BMC)and bone minerai density in most weight-bearing sites such as lumbar spine, hip
and loweriimbs:.nevertheless, participation in nonimpact sports such as swimming,**

cycling® do not-present this association.’

Yes, they have. Vicente-Rodriguez et al. and Agostinete et al. (references number 8 and
9 respectively) quantified the amount of bone mineral content or density gained by these
athletes. For instance, after three years of soccer practice, Vicente-Rodriguez et al.
reported that soccer players gained 6% more bone mineral density at lower limbs, a
third more bone mineral density at whole body, 13% more bone mineral content at
lumbar spine and twice more bone mineral content at hip compared to controls. On the
other hand, after nine months, Agostinete et al. demonstrated that basketball players had

higher bone mineral density accrual at upper limbs than controls (17.6% vs 7.2%).
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Line 30 &#61664; I would indent and start a new paragraph after “demand.”

R: We have followed the suggestion of the reviewer. Thank you.

Line 40 &#61664; This might be a good place to mention whether highei-er.lower
plantar pressures is better for bone health. Is it ideal for young athléetes to
experience high plantar pressures to catalyze the bone reformation.process? Are

stress fractures caused when plantar pressures are too high or repeated too often?

R: There are no studies which evaluate whether higheror lower-plantar pressures are
positively associated with bone health. It is the aim of the present study:JAs the
hypothesis of this manuscript states, we think-that-those soccer players who experience
high plantar pressures will have better bone geometry and greater bone strength than
those players who experience low plantar pressures and controls. Thisstatement is
reported in the manuscript as follows:

Introduction, paragraph 5

‘We hypothesized that feetball soccer players with higherplantar pressures (FOOF
SOC-HP) wiH would exhihit better bone-geometry and greater bone strength compared

to those with lower plantar pressures (FOOFSOC-LP) and controls (CG)’

Following thechypothesis of our study atid Frost’s mechanostat theory, we think that
experiencing high plantar)pressures during growth might increase bone remodeling

activity and, at thesaime time, bone mass.

We think that the main variable in terms of stress fracture is the repetition of an impact
in a specific bone site. Moreover, whether these repetitive impacts are as high as

possible, the risk of having a stress fracture would increase.

Line 53 &#61664; please define what “adequate” volume/intensity is. Also, I don’t
think that “avoid” works here. Try “might help mitigate” instead.

R: We fully agree with the reviewer and we have added an example to define what

‘adequate’ volume/intensity is as follows:
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Introduction, paragraph 4.

“Thus, in terms of bone, an adequate training volume and intensity (e.g. two or three
trainings of moderate-vigorous intensity per week) in children and adolescent soccer
players might avetd help to mitigate the above-mentioned fractures and improve bone

parameters.’

Following the suggestion of the reviewer, we have changed ‘avoid’ for ‘might help-to

mitigate’.

Methods

Page 4

Line 21 &#61664; Why did you need such a horogenous sample?\Why were non-
Caucasians excluded? Could other outside activities (basketbali; weightlifting) or

diet influence bone growth just as muchas-being a diffeieqit’race?

R: We have selected a homogenous-sample excluding-non-Caticasian participants since
bone mass might vary depend.onthe ethnicity. . fact, thetnternational Society of
Clinical Densitometry reporis that ethnicity-should be:taken into consideration to
evaluate bone mass (Thisinformation is-obtained from the official website of the

International Seciety of Clinical Densitometry; https://www.iscd.org/official-

positions/2013-iscd-official-pasitions-pediatric/).

Bone mass is'mainly determined by genetics (including the ethnicity); nevertheless,
there are-environmental factors such as physical exercise and diet which are capable to
cause bone adaptations. Furthermore, it has been demonstrated that those athletes who
train and play high-impacts sports increase their bone mass (Tenforde et al. 2011; PM
R).

Line 37 &#61664; We are to assume that the mechanical loading is identical
among all players among these five teams. But, does mechanical loading vary
among different positions? If | had to speculate, the mechanical loads of an active

mid-fielder are probably greater than that of a goaltender.


https://www.iscd.org/official-positions/2013-iscd-official-positions-pediatric/
https://www.iscd.org/official-positions/2013-iscd-official-positions-pediatric/
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R: We agree with the reviewer in the fact that each player position requires to perform
different movements; nevertheless, we think that whether these soccer-specific actions
are executed by each player at the highest intensity as they can, mechanical loading
differences between these players who play in different positions will be low. On the
other hand, when we measured plantar pressures in this study, all participants were
instructed to performed the whole circuit at maximum speed and only those piayers who
were capable to doing it at higher intensity demonstrated higher total and cartical bane

mineral content.

Page 5
Line 16 &#61664; | see an age range of 11-14 but were there-any assessments to
determine the maturity of the athletes or whether they were preptbertal or

peripubertal (as outlined in your introduction)?

R: Maturity status of participants was ‘measured by maturity offsetand’the age of peak
height velocity. Pubertal status wasalsc-evaluated according the pubertal stages
proposed by Tanner and Whitehouse (1976). We-decided 1o report maturity offset and
the age of peak height velacity because they-are continuous variables in comparison to
pubertal stages proposed by Tanner andWhitehouse which are categorical ones.
Otherwise, if the reviewer suggests the inclugsion of pubertal status measured by Tanner

and Whitehouse, we will include them.

Line 33 &#61664; What exactly does “maturity offset” measure? Is it a valid tool

P

to measure maturity? What categories were the athletes separated into based on

their “maturity offset” measurement?

R: As Moore et al. (reference number 19) reported, maturity offset is described as the
time (years) before and after the age of peak height velocity and its calculation provides
an accurate information about the maturity status of participants. Due to maturity status
Is a continuous variable, it is not divided in maturity categories. The definition of
maturity offset has been added in the manuscript as follows:

Material and Methods, Maturity offset, Paragraph 1

‘Maturity offset, described as the time (years) before and after the age of peak height

velocity, was calculated using the following equation proposed by Moore et al.:’
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Line 34 How were the foot types (flat foot, normal and high arch feet) determined?

R: Foot types were determined following the guidelines proposed by Shiang et al.
(reference number 21). This information has been added in the manuscript as follows:
Material and methods, Plantar pressure measurements, paragraph 3.

‘Foot types were also determined following the guidelines proposed by Shiang et al.?!
To measure arch height and arch angle, participants stood with their arms relaxed and
looking straight ahead. Arch height was assessed from the distal peint of navicular hone
to the floor. Then, flat foot was determined when navicular/height was iower than 37
mm; normal foot with values between 37 and 40 mm; and high arch foot with values
higher than 40 mm. Afterwards, arch angle was obtained from the line connecting the
most medial point of the heel with the most medial point of the first metatarsal bone;
and the line connecting the most lateral point of the-medial fociwith the most medial
point of the first metatarsal bone. In terrs of arch angle, flat foot was determined when
arch angle was lower than 46°; normal foot with values etween 46 and 55°; and high
arch foot with values higher than55°. Both navicular height ard arch angle parameters

should be the same in order io determine which foot were flat or high-arch.’

Line 49 &#61664; Could the inclusion of mulitiple shoes confound your data?

R: Soccer players wore the sairie soccershoes model with two different stud designs
(turfand hard-ground stud designs). We also though that the use of different stud
designs might confound the data of the present study thus, we compared plantar
pressures between soccer players who wore different stud designs and no differences

between soccer groups were found. This data is shown in Supplementary Table I1:
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Supplementary table Il Maximum value of the average pressure of football
players wearing turf and hard-ground stud designs.

Turf stud design Hard-ground stud design  Cohen’s d

(n=11) (n=29)
MP (kPa)
Lateral 249.8 £ 206.0 255.3+111.2 0.03
Medial 292.3+73.8 317.8+117.8 0.26
Rearfoot 517.1+184.2 489.0 + 191.1 0.15
Midfoot 181.8 +121.8 208.4 +175.9 0.18
Forefoot 241.4+79.2 307.7£102.8 0,72

Values are mean + SD.
MP: maximum value of the average pressure.
No significant differences were found between between groups. Cohen’s d can

be small (0.2 — 0.5), medium (0.5 — 0.8) or large (>0.8).

Page 6
Line 4 &#61664; Is this circuit representaiive-of the demands piaced on soccer

athletes during a match? Has it been used by other labs for othey studies?

R: We think that this circuit is representative of soecer demands-because it includes
several specific actions of seccer practice. Although the sgecific combination of this
soccer actions has not beénused by othertabs-for otherstudies, plantar pressures during
most of these actions have been already-nieasured-separately in soccer players (e.g.

Nunns et al. 2016, Wong: et al. 2007).

-Line 22--Change "'shank®)to leg.

RDone

Page 7
Line 6-12 This belongs in the discussion, not in methodology/

R: This information was included in the methodology just for justifying the selection of
non-dominant foot in this study. Due to these references do not discuss the results of the
present study, we have decided to rewrite this paragraph and these references has been

removing. This information has been modified as follows:
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Material and methods, Bone assessment by peripheral quantitative computed
tomography (pQCT), paragraph 2.

“The lower limb dominance was determined by players preferred kicking leg.??
Although the measurement of non-dominant or dominant lower limb has not been
clarified yet in pQCT studies,?* adelescent-football-players-showed-higher-bonestrength
indexes-at-non-dominant tibia-than-at-dominant tibia-°>-Azevedo-et-al-"-alsosepoarted
greaterplantarpressuresatthe-non-dominant-feoaceordinghsthe non-dominant lower

limb was selected for the measurements.’

Results

Line 9 &#61664; To me, it seems interesting that people with differentiypes of feet
(i.e. low-arch vs. high-arch) have similar plantat pressures. Is this:ito say that they
transmit longitudinal force similarly? Thatseems-unlikely. I'wotitd like to see this

mentioned more in the discussion section.

R: As we have explained in a previous comment, this-lack of gifferences between
groups could be explained by thefact that we inchuded theaverage of the maximum
value of all steps during-the whole circuit instead-of plantar pressures of each task
separately. Thus, this information has beenincluded #n discussion section as follows:
Discussion, paragraphi-1.

‘On the otherhand, no plantar pressures differences were found between those soccer
players whe wore different stud designs-and had different foot types. This lack of
differerices could be expiained by the fact that plantar pressures values were measured
for the whole circuit instead of for each task separately. Moreover, this circuit consisted
of diverse socceractions such as jumps, zigzag run or changes of direction and, as Eils
et al.’> demonstrated, each soccer-specific action mainly loads a different foot area.
Therefore, after calculating the mean of all tasks, the possible differences between foot
types could disappear.’

Discussion, paragraph 6:

‘Another limitation is that MP was measured for the whole circuit instead of being

measured for each task separately.’

Discussion

Page 9
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Line 38 &#61664; has been elucidated, write in past-tense. Also, | think because
you took multiple measurements of bone geometry and only 2 of the 7
measurements were statistically different between your groups, it’s too broad of a
statement to say that plantar pressures are positively associated with bone
parameters. Make it clear to the reader than only some bone parameters were

related to plantar pressures.

R: The reviewer is totally right and the verb tense has been changed. Furthermore, we
have modified this sentence being more specific as follows:

Discussion, paragraph 3.

‘Although a positive association between high plantar pressures-and beneparameters-all
bone geometry variables except Tt.Ar has been is €lucidated, the findings related to

bone strength indexes could be slightly mediated by bone-growth.”

Line 43 &#61664; The premise of this statement is unclear to mz.1 only three of
the subjects were 14, what are the-chances that they-skewed the data and had
enough cortical bone growth among-them to make it seem-iike the entire group
had more cortical bone?viaybe you could afferd to. remove their data as the “low”

group had 25 subjects vs. only 15 in the “high’ group.

R: These three players were 14,0,.14.2 and 144 years and all of them were in low
plantarpressufes gioups. We-hiave re-analysed the data without take into account these
3 players-and similar results were obtained. A summary of these results is shown in the

followingtable:

39
a0 Adjusted pQCT values of foetball 'soccer players with high and low plantar pressures.

41

SOC-HP SOC-LP MD (95% CI) Test statistic % Difference
(n=15) (n=22)
42 Bone geometry
43 Tt.BMC (g) 3.19+0.26 3.02+£0.25 0.179* (0.00, 0.36) F(1,33) =4.3,p=.047,1% =0.11 -5.6
44 Ct.BMC (g) 2.92+0.23 2.74+£0.23 0.184* (0.03, 0.34) F(1,33) =5.6, p=.024, 1% =0.15 -6.3
395+ 33 38733 8 (-15, 31) F(1,33) = 0.5, p = .481, n% = 0.02 -2.0
46 Ct.Ar (mm?) 277+ 25 265+ 24 12 (-5, 29) F(1,33) =2.2, p=.147, 1% = 0.06 -4.5
Bone strength
47 ct1h (mm) 5.09 +0.39 4.87+£0.38 0.22 (-0.05, 0.49) F(1,33) = 2.8, p =.105, n% = 0,08 -4.3
48 Fre.LdX (N) 3195.6 +394.1 3008.1 +391.6 187.5(-84.4,459.5)  F(1,33) =2.0, p=.170, n?% = 0,06 -5.9
49 SSIp (mmd) 1430.7 + 158.9 1344.7 £157.9 86.0 (-23.7, 195.7) F(1,33) =2.5, p =.120, n% = 0.07 -6.0

50 Values are mean + SD. pQCT variables adjusted by weight and tibia length.

52

FOOT SOC-HP: foetbal soccer players with high maximum values of the average pressure;-FOOF SOC-LP: foetbal soccer players with low
maximum values of the average pressure; pQCT: peripheral quantitative computed tomography; MD: mean difference; Cl: confidence
interval; Tt.BMC: total volumetric bone mineral content; Tt.Ar: total cross sectional area; Ct.BMC: cortical volumetric bone mineral content;

53 ct.Ar: cortical cross sectional area; Ct.Th: cortical thickness; Fre.LdX: fracture load in axe X; SSlp: strength strain index in polar; n%: partial
54 eta squared.*: p < .05 differences between soccer groups.

55
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Due to the similar results were obtained without those players who were 14 years, we

have not removing this players in order to not reduce the sample.

Page 10

Line 2 &#61664; If this is the case, then what is the relationship between plantar
pressure and bone strength? | thought the purpose of the study was‘teelucidate
the interaction between plantar pressure and bone geometry. If-the training
volume and intensity produce similar bone adaptations regardiess of high/low
plantar pressure, what is the significance of divergent piantar pressure among

athletes?

R: Although both soccer groups seem to be beneficiated by the effects of soccer practice
and its specific high-intensity actions, these resuits demonstratéd that those soccer
players with high plantar pressures aré capable of'gaining an extrabofae mass and,
consequently, improving their bone-geometry and strengih. Canctetely, when controls
were included in the analysis;.onky soccer players.with high plantar pressures
demonstrated greater Tt.BMC,-Ct.BMC and-Ci)Ar. Higher but not significant values
were found at all bone variables measured betweern' soccer players with low plantar
pressures and controls-Therefore, it ¢an be also-observed a tendency of higher bone

"y

values in saceer players than controls. Ta justify these findings, due to all participants
included’in-the present stugychad not reached the age of peak height velocity yet, future
studies-including a sampie of soccer players who have already reached the age of peak
keight velocity eoutdhelp to clarify if these bone differences between soccer players

with different plantar pressures are observed in later ages.

In summary, the findings of the present study demonstrated that developing high plantar
pressures is associated with an increase of bone geometry parameters such as Tt.BMC,
Ct.BMC and CT.Ar.

Line 22 &#61664; Is it good for young soccer players to present with biomechanics
that increase the amount of pressure exerted on their tibia? This seems like a good

recipe for overuse injury.
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R: Following the results obtained in this study, performing soccer actions as high-
intensity as possible might causes an extra impact on tibia bone and, at the same time,
an increase of bone mass. Thus, performing high-intensity exercises during trainings
could increase the intensity of their actions performed during matches and, at the same,
their bone health.

Line 38 &#61664; When did you assess stress fractures? I didn’t see this in the

methods.

R: We have not evaluated stress fractures. This information was just for taking-into
account possible implications of receiving very high plantar pressures. Nevertheless,
following the suggestion of the other reviewer, all Statements related to:stress fractures

have been removing from this manuscript.

Line 46 &#61664; If the HIGH and 1_OW groups both had simitar’bone geometry
for 5 out of 7 measurements, and having high plaiitar pressures predisposes
athletes to stress fractures, it seems that athleteswith/ i<OW plantar pressures can

provide enough loading to their skeletal system while staying healthy...

R: Thank you farthis‘interesting reasoning. koitowing the results of the present study, a
tendency of greater bone values inthose: soccer players with high plantar pressures
compared to thosewith low:plantar pressures was found. A systematic review and meta-
analysis performed by l.ozano-Berges et al. (reference number 7) demonstrated the
positive effects of sgccer practice on bone independently of plantar pressures of soccer
players. Thus, we think that soccer practice has a positive effect on bone mass
independently of plantar pressures. On the other hand, the sentence which the reviewer

refers to has been removing because of the suggestion of the previous reviewer.

Line 49 &#61664; Is your study equipped to make this statement?

R: No, it is not. Thus, this statement and all information related to stress fractures have

been removing from this manuscript.

Conclusion
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Page 11
Line 18 &#61664; Again, high plantar pressure was only positively associated with
2 of the 7 bone geometry measurements. | think this is a bit of an overstatement.

R: The reviewer is right and this sentence has been rewritten as follows:

Conclusions, paragraph 1

‘In summary, the present study shows that adolescent feetbal soccer players with
higher plantar pressures have better bone-geometry-than-these players-with-lewer
plantarpressures Tt.BMC, Ct.BMC and Ct.Ar than controls; nevertheless. those players
with lower plantar pressures do not show differences in bone geomeiiy and strengtn

compared to those with high plantar pressures and controls.’

Line 22 &#61664; Is this practical? What if'} don‘t have access tothe right

equipment? Is it worth spending the money to make thismeasurement?

R: In our opinion, we think that it is-practical because irthis study has been
demonstrated that developing high plantar pressures/during scccer practice might be
beneficial for bone geomietry parameters suchas Tt.BMC,’Ct.BMC and Tt.Ar. Thus,
increasing the intensity of .soccer trainirig 1ight heip-to increase the intensity of soccer

actions during maiches-as well as thie:bone hegith of soccer players.

Line 29 &#61664; What dayou consider to be adequate volume and rest? How do
these data inform the definition of adequate volume and rest, especially
consideririg thatin.general, the players all partook in similar, if not the same

volume.

R: The reviewer is right and due to we have not studied which is the adequate volume

and rest, we have deleted this information from the manuscript.
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ABSTRACT
BACKGROUND: Mechanical loads exerted by foetbaH soccer-specific actions increase
bone remodeling activity. Nevertheless, little is known about the relationship between
plantar pressure and bone structure. Therefore, the aim of this study was to compare
bone geometry and strength between foetball soccer players who exhibited different
maximum values of the average pressures (MP) when performing a combinatien of
footbal soccer-specific tasks.
METHODS: Forty male adolescent feotball soccer players (mean age 13:2+0.5 y) and
13 controls (mean age 13.1+0.9 y) participated in this study. Biofoot® system was tised
to measure MP at the non-dominant foot during a circuit of foetbat soccer-specific
tasks. Cluster analysis was performed to classify players into-groups of sititiar MP
profiles resulting two different groups as follows: 15 players with high-MP (FOOT
SOC-HP; mean MP: 392.7+68.2 kPa) and 25with-low MP (FOGESOC-LP; mean MP:
261.0+49.6 kPa). Total and cortical volumetricoone mineral content
(Tt.BMC/Ct.BMC), cross-sectional area (Tt.Ar/Ct.Ar), cortical thickness (Ct.Th),
fracture load in X-axis, and polar strength index (SSip)-were ineasured at 38% of the
non-dominant tibia by peripherai guantitative computed-dgmography. Bone geometry
and strength compariscns.between FOOF SCC-HP and FOOTF SOC-LP were performed
using analyses of covariance controlling by weight and tibia length.
RESULTS: Greater'Tt.BMC, Ct.BMIC and Tt Ai. were found in FOOF SOC-HP
compared tc’'CG (Tt.BMC: 3.22vs2.95 ¢, Ct.BMC: 2.95vs2.68 g, Ct.Ar: 280vs253 mm?;
p<.05). Nevertheless, no significant bone geometry and strength differences were found
between socecer grouns and between SOC-LP and CG (p>.05).
CONCLUSIONS Aceording to-Frost's-mechanestat-theery; Developing high MP when
training and playing feetbal soccer might be favourable to bone development.

Key words: Adolescent, soccer, foot, bone and bones.
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TEXT
Introduction

Osteoporosis has its clinical manifestations mainly through adulthood and old
age. Nevertheless, childhood and adolescence are considered critical stages to gain bone
mass and fight against this disease.* Peak bone accretion occurs at 12.5 years in females
and at 14.1 years in males? and, after 4 years from this peak, 95% of the maximum adult
bone mass has been already attained.® Therefore, the prepubertal and peripubertal years
are windows of opportunity for maximizing the response to exercise and 0steoporosis
prevention.*

Although peak bone mass is mainly determined by genetics (60-80% of peak
bone mass), there are other parameters such as physical activity, nutrition,and
hormones that may influence it.> For instance, physical exercise and its:tnherent impacts
and muscle forces cause high mechanical straifis to the bone and; at thie same time, an
increase of bone remodeling activity to reinforce the bone andd protect its structure.’
Focusing on bone-exercise interactions during growth, it is\importanizto mention that
not every sport produces the same effect.on bone mass.in fact, it'has been observed that
participation in high-impact sports such as feetbalt-soccer “ basketball,® racquet
games'? is associated with-a gain in bone mineral content (BMC) and bone mineral

density in most weight-bearing sites such as lumbar spine, hip and lower limbs;

)

nevertheless, participation in non-impact sperts-such as swimming,'* cycling? do not
present this‘association. Therefore, the effect en bone seems to be sport-dependent and
is driven-by.thie specific mechanical loads that sports demand.

An option to quaniify mechanical loading is measuring plantar pressures when
executing different sports actions. This technique has been widely used in foetbah
soccer research’:!* and provides an insight of the mechanical load intensity that the
lower limbs receive during feetbaH soccer practice. Although some biomechanical
studies have analysed plantar pressures and their association with bone in young
football soccer players,'® 5 these studies were only focused on stress fractures. Since
plantar pressure is commonly measured, its association with bone structure could give
further information about the effects of playing feetbal soccer on bone health status.

Because feotball soccer practice is characterized by the repetition of several
high-impact movements, the stress in different foot areas such as the 5™ metatarsal (one
of the most common non-contact injuries in foetbalt soccer'®) increases, which may

result in stress fractures. As Shuen et al.'® reported, the type of surface or shoes and,
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more importantly, the intensity and the volume of feetbalt soccer trainings might be the
main factors determining those stress fractures. Thus, in terms of bone, an adequate
training volume and intensity (e.g. two or three trainings of moderate-vigorous intensity
per week) in children and adolescent soccer players might aveid help to mitigate the
above-mentioned fractures and improve bone parameters. To the best of our knowledge,
there are no previous studies evaluating bone health of young feetbalt soccei players
based on their plantar pressures.

Therefore, the aim of the present study was to compare bone geometry and
strength between male adolescent feotball soccer players, taking into account their
maximum values of the average pressures (MP) registered during a combination of
foetball soccer-specific tasks. We hypothesized that feetbalt soccer players with higher
plantar pressures (FOOF SOC-HP) wiH would exhibit better bone gecmetry and greater
bone strength compared to those with lower piantar pressures (FS&FSOC-LP) and
controls (CG).

Materials.and methiods

Participants

Forty-four male foetball saccer playersfrom five different foetball soccer clubs
of Aragon (Spain) and 23 CG agreed to pariicipate Wythe present study. Four feetbalt
soccer players were excluded from the analysis-as they were not Caucasian, three
controls as they had blurred pQCT images; and seven controls as they were older than
14 at the beginning of the study. Finally; a total of 40 feetball soccer players (mean age:
13.2+ 0.5 y) and 13 age matched controls (mean age: 13.1 + 0.9 y) were included in the
study analysis. Afterperforming hierarchical and K-means cluster analyses (see
statistical analyses), these players were split into two groups according to their MP,
registered in five areas of their non-dominant foot during a combination of game-
specific tasks: 15 FOOF SOC-HP (mean age: 13.1 + 0.4 y, mean MP of the all foot
areas: 392.7 + 68.2 kPa; Table I) and 25 FOOTF SOC-LP (mean age: 13.3+ 0.5y, mean
MP of the all foot areas: 261.0 + 49.6 kPa; Table 1). Moreover, these feotbaH soccer
players had different foot types (16 players with normal foot, 14 with high arch, and 16
with flat foot). Measurements took place between May and July 2014.

Although the five feetball soccer teams did not perform exactly the same

footbal soccer exercises, their trainings lasted approximately 90 min, including 5-min
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warm-up consisting of low-intensity running; 5-10 min of low-intensity games; 60 min
of technical feetball soccer exercises (i.e. passing, kicking, running, dribbling); and
finally, 5-10 min of cool down performing stretching exercises. On the other hand, these
footbal soccer clubs competed at provincial level for their age category.

The protocol, and the possible benefits and risks of this study were explained to
participants, parents and club managers. Before taking any data, all participants gave
verbal assent and parents fulfilled and signed a written informed consent, This study
was performed following the guidelines declaration of Helsinki 1961 {revision of
Fortaleza 2013) and the protocol was approved by the Ethics Committee of Clinica!
Research from the Government of Aragon (CEICA, Spain)/[C.I. PA13/0091]. The
present study is a part of the FUTBOMAS project, which was registered ir-the public
database Clinicaltrials.gov [NCT02399553]. The STrengthening the Reporting of
Observational Studies in Epidemiology (STROBE) Statervient was tised as a guideline

for reporting observational data.t’

Inclusion criteria

Participants had to be‘Caucasian, playingfsetbal soccer for a period of at least
one year prior to data ceilecticn (festbal socccer players) or not being engaged in any
regular sport (CG), between'11 and 14 years at.the beginning of the FUTBOMAS

project, and free of any-medication affecting-bione.

Anthrepometric measurements

Following the procedures defined by the International Society for Advancement
in Kinanthropometry {1SAK),® height (stadiometer SECA 225. SECA. Hamburg,
Germany; to thenearest 0.1 cm) and weight (scale SECA 861. SECA. Hamburg,

Germany; to the nearest 0.1 kg) were measured without shoes and with minimal clothes.

Maturity offset
Maturity offset, described as the time (years) before and after the age of peak
height velocity, was calculated using the following equation proposed by Moore et al.:*°
Maturity offset = -7.999994 + (0.0036124 x (age x height))
Additionally, the age of peak height velocity was calculated as the subtraction of

the age from maturity offset.
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Calcium intake
A validated calcium food frequency questionnaire was used to estimate
milligrams per day of calcium intake.?°

Protocol

Participants wore foetbal soccer shoes (Adidas Nitrocharge 3.0 foetball soccer
shoes, Adidas AG, Herzogenaurach, Germany) with two different stud gesigns suitable
for use on artificial surfaces: 11 feetbalt soccer players wore a turf stud. design (71
studs) and 29 soccer players wore a hard-ground stud design (22 studs).

All participants performed a warm-up that consisted of approxiinately three
minutes of lower limb articular mobilization (hip, knee and ankie) and twe-sub-maximal
familiarization trials of the combination of some feotball soccer-specific tasks. This
circuit was composed of three two-footed jumps ef 30-cmyhurdles, a zigzag run around
four poles, a lateral shuffle and two sprints separated by a 2Q° ¢tit (see Figure 1). Before
starting the test, participants were sitting on a chair putting their feet ap to avoid plantar
pressure interferences. They were instructed to perform:two trials‘at maximum speed
resting approximately two min between them. Thetrial with the highest MP was

included in the present study.

Plantar pressure.imeasurements

Biofoot® (1BV, Valencia; Spain)systein was used to measure MP of both feet.
This system.is.composed ot two insoles-that are connected to two amplifiers located on
the laterai aspect of participants’ shanks legs. At the same time, these amplifiers are
linked with a transmission module that is located on the participant waist (at lower
back) and sends the data to the computer by digital telemetry. These thin (0.7 mm
thickness), flexible and polyester insoles are size-specific and have 64 piezoelectric
sensors distributed along the foot. This system uses kilopascal units (kPa) and the
sample frequency was set up at 100 Hz for 15 s.

Plantar pressures of the non-dominant foot were analysed as bone measurements
were performed at this side. Following manufacturer’s software instructions (version
6.1), plantar pressures were analysed in the following five areas of the foot: lateral foot,
medial foot, forefoot, midfoot and rearfoot (Figure 2). The plantar pressure variable
selected for each one of the 5 foot areas was MP. Firstly, the software computed for

each step the mean of the maximum pressure measured by each sensor of a determined
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area; afterwards, the final data obtained represents the average maximum value of all
steps during the whole circuit.

Foot types were also determined following the guidelines proposed by Shiang et
al.?! To measure arch height and arch angle, participants stood with their arms relaxed
and looking straight ahead. Arch height was assessed from the distal point of navicular
bone to the floor. Then, flat foot was determined when navicular height was-icwer than
37 mm; normal foot with values between 37 and 40 mm; and high arch foat with vaiues
higher than 40 mm. Afterwards, arch angle was obtained from the line conrecting the
most medial point of the heel with the most medial point of the first metatarsal bore;
and the line connecting the most lateral point of the medial foot with the most medial
point of the first metatarsal bone. In terms of arch angle, flat foct was determined when
arch angle was lower than 46°; normal foot with values between 46 aiid 55°; and high
arch foot with values higher than 55°. Both navicular height and arch angle parameters

should be the same in order to determine which foct were ftat ¢r high-arch.

Bone assessment by peripheral quantitative computed temograpliy (pQCT)

Volumetric BMC, bone‘area’and bone strength indexes were assessed at the non-
dominant tibia with a Stratec XCT-2000 L pQT T scariner-(Stratec Medizintechnik,
Pforzheim, Germany). This device is airanslate-rotate, small bore computed
tomography scanrierthat acquires a trans-axiattmage. pQCT equipment was calibrated
daily using-aguality-control phantom anddollowing the manufacturer guidelines
(Stratec Medizintechnik, Pfarzheim, Germany). Coefficients of variation for each pQCT
variabie at non-dominant tibia in our laboratory have-been-akready-published. 22 were:
0.25% for total BMC(Tt.BMC), 0.50% for cortical BMC (Ct.BMC), 0.72% for total
area {Tt.Ar), 0.73% for cortical area (Ct.Ar), 1.12% for cortical thickness (Ct.Th),
2.51% for fracture load in X-axis; and 2.08% for polar strength strain index (SSIp).

The lower limb dominance was determined by players preferred kicking leg.?
Although the measurement of non-dominant or dominant lower limb has not been
clarified yet in pQCT studies,?* adelescent-football-players-showed-higher-bonestrength
indexes-at-non-dominanttibia-than-at-dominant tibia-°>-Azevedo-et-al--alsoreported
greaterplantarpressures-at-the-non-dominantfoet:acecordinghy-the non-dominant lower
limb was selected for the measurements.

Participants were seated on a chair adjustable to the body proportions of each

participant. The tibia length was assessed from the medial knee joint cleft to the medial
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malleolus of the tibia using a wooden ruler and was always measured by the same
researcher (AML). Then, the non-dominant lower limb was centred in the imaging field,
and the foot and knee were secured to reduce movement. Once the scanner was
positioned on the distal tibia, a scout view was done to manually set the reference line
on the midpoint of the distal tibia end plate. Scans were performed at 38% site of the
length of the tibia to assess cortical bone and bone strength indexes. Following the
International Society of Clinical Densitometry (ISCD) official positions;?*the measured
parameters at the 38% site of the length of the tibia were Tt.BMC (g), Ct.BMC (g),
Tt.Ar (mm?), Ct.Ar (mm?), Ct.Th (mm), fracture load in X-axis (N).and SSIp (mm?3);
Muscle and fat cross sectional areas (mm?) were measured at the 66% site of the length
of the tibia.

Version 6.20 of the manufacturer’s software was used to analyse pQCT images.
At 38% site of the tibia, the periosteal surface of the bone-was deterimined using the
contour mode 1 with a threshold of 280 mg/cri®, Cortical bongawas obtained using
cortical mode 1 with a threshold of 710 mg/cm?*. To obtain-bone stiength variables
(fracture load in X-axis and SSIp), certical mode 1 witha threshatd of 280 mg/cm?® was

used. After that, bone mineratization of 1200 mg/cm® was assumed.

Statistical analyses

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. Data were
presented as mean + standard-teviation {SD). All variables showed normal distribution
tested with the Shapiro-Wilk test.

Cluster anaiysis was performed to identify groups of foeetbaH soccer players with
similar MP. Foilowing the methodology of clustering applied in Prokasky et al.?® and
Sanson et al.?’ studies, hierarchical clustering and K-means clustering were used.
Firstly, to reduce the sensitivity of the Ward’s method to outliers, univariate (those that
were > 3 SD above or below the mean) and multivariate outliers (those that had high
Mahalanobis distance) for MP at each foot area were examined, and no outliers were
found. In the first step, hierarchical cluster analysis was performed to determine the
number of clusters. After examining the dendrogram obtained from this analysis, the
suggested number of clusters were two. In the second step, K-means clustering analysis
was applied using as non-random starting points the cluster centres obtained by the

previous Ward’s hierarchical procedure.
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In order to test the stability of these clusters, cluster analysis was repeated in two
subsamples randomly obtained from the whole sample of this study. Afterwards,
Cohen’s Kappa coefficient (k) was used to measure the agreement between the original
cluster obtained from the whole sample with the merger of the new two clusters created
by subsamples. This comparison showed an excellent agreement (Cohen’s Kappa
coefficient was 1).

Independentttest-One way analyses of variance (ANOVA) were performedto
examine differences between foetball soccer groups and CG for descriptive
characteristics; and between soccer groups for MP measured at different foot areas
(lateral, medial, rearfoot, midfoot and forefoot). Furthermore; analyses of covatiance
(ANCOVAS) were applied to compare bone geometry-and strength variabies between
the two feetbal soccer groups and CG using weight.and the length of‘the tibia as
covariates. Bonferroni corrections were applied to controi the Type ti error of multiple
comparisons.

Effect size statistics were reported as Cohen’s-d-forindependentttest-and partial
eta squared (%) for ANCOVASs. Taking into accoust cut-offpoints established by
Hopkins et al.,?® the-effect sizefer-Cohen s-d-cambertriviab{0:0—0-2)-smal-(0-2—0-6);
moderate (0.6 — L2y Horga- (2 — 2.0y er-very large (> 2.0)-Addittonathy-the effect size
for 2, can be small £0-01--5.06), medium {0-86.--0-14) or large (>0-14). Statistical

significance was setat p.< .05.

Results

Despite the different type of foot and stud design used, no proportion differences
between foetbail soccer players with different type of foot (x%(2) = 0.770, p = .681) and
who-wore different stud designs (x%(1) = 0.677, p = .411) were found. Furthermore, no
significant MP differences were found in any foot area when feetbal soccer players
who had different foot type and those who wore different stud designs were compared
(Supplementary Table I and I1).

No descriptive differences were found between FOOF SOC-HP, FOOF SOC-LP
and CG (p > .05; Table I). In contrast, FOOF SOC-HP showed higher MP at the lateral
foot, medial foot, rearfoot and forefoot compared to FOOF SOC-LP (p < .05; Table I).
Additionally, when MP comparisons between FOOF SOC-HP and FOOF SOC-LP

were adjusted by weight, similar results were found (Supplementary Table 111).
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Table 11 shows the adjusted pQCT values of FOOF SOC-HP, FOOF SOC-LP
and CG and the statistics of the comparisons between these groups. Tt.BMC, Ct.BMC
and Ct.Ar were significantly greater in FOOF SOC-HP compared to CG (mean
differences were -5:4-and-5:9%9.1, 9.8 and 10.4 %; p < .05; Table I1). Ne-sighificant
differences-were-found-in-the-other pQCTvariables{p>-05:+7,+ranged-from-0,03-and
014 Table-H). SOC-LP did not show significant differences in any of the pQCT
variables compared to SOC-HP and controls (p > .05; Table I1).

Discussion

The present study shows that adolescent feetbaters/soccer players with-higher
plantar pressures present enhanced Tt.BMC, and Ct.BMC and Tt.Ar when:compared to
those with low pressures CG. However, bone strength tnaexes are nor ditferent hetween
greater-bone-strength-indexes-ispartialy-contitmed: On the gther hand, no plantar
pressures differences were found between those soccer players whowore different stud
designs and had different foot types. This lack of difierences couid be explained by the
fact that plantar pressures values were measureg foi the whaoie circuit instead of for each
task separately. Moreover, this circuit consisted of diverse soccer actions such as jumps,
zigzag run or changes of direction and, as Eils et ai."> demonstrated, each soccer-
specific action mainly toads a different foot area. Therefore, after calculating the mean
of all tasks, the possihle differences between foot types could disappear.

The resultsobtained in'the present study also demonstrated significant MP
differerices between the two soccer groups with different plantar pressures. These
differences mighit be explained by the fact that those players with high plantar pressures
had the ability to perform soccer specific actions at high intensity. On the other hand, a
study which evaluated the distribution of different plantar pressures during soccer-
specific tasks, suggested to consider player positions when plantar pressures during
different soccer-specific actions are evaluated.'® Concretely, in the present study, to
reduce the possible influence of playing position and also skill level of participants on
plantar pressures, soccer players were instructed to perform two sub-maximal
familiarization trials of the circuit and, afterwards, to execute other two trials at
maximum speed.

Although a positive association between high plantar pressures and bone

parameters-all bone geometry variables except Tt.Ar has been is elucidated, the findings
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related to bone strength indexes could be slightly mediated by bone growth. Cortical
bone and bone strength parameters regularly increase until the age of 14 years in males
and, afterward, these parameters abruptly increase.?® As only three FOOT SOC-LP had
just achieved this age, future studies including a sample of feetball soccer players older
than 14 years could help to clarify if these bone differences between foetbal soccer
players with different plantar pressures and CG can be observed in later ages.

The main response of bone to physical exercise in both male prepubertal or
pubertal athletes is periosteal apposition increasing, at the same time, bone area, F+A+;
Ct-Ar; Ct.Th and bending and torsional forces.® In the present study, higherbut-ngt
FOOT-HR-and-FOOT-LRP-when SOC-LP were compared to SOC-HP and €&, no bone
differences at any bone geometry and strength parameters were found: The lack of
differences between foetbal soccer groups could-be explained by itie fact that both
groups did similar feetbaH soccer exercises, arid probably, hadcomparable
enhancements of the bone. Therefore, both groups might have benefited from the effects
of foetball soccer practice on borie. On the other hand, the absenhce of significant
differences in most of bone variables between soceer players and controls could be due
to the early maturity status of all participants inciuded in the present study. The effects
of soccer practice on bone could be observed more clearly in the following years when
the peak of bone accretion is reached.?

As Frost explained, 3 high intensity strains (i.e. foetbal soccer actions) increase
bone remodeling activity resuiting in bone adaptations to loads. Additionally, the
intensity of these straing may provoke different bone adaptations.®! For instance, a study
performed with young feetbal soccer players?® showed higher bone parameters at their
non-dominant lewer limb compared to their dominant one. In terms of feetbal soccer
practice, the non-dominant lower limb supports each action performed by dominant one
(skilled lower limb), meaning that mechanical strains received by each lower limb are
different (higher in non-dominant lower limb). The present study shows that foeetbat
only soccer players receiving higher mechanical strains have higher bene-geometry
Tt.BMC, Ct.BMC and Ct.Ar. compared to controls which is in agreement with the

mechanostat theory and previous studies developed in feotball soccer players.?: 3
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enhances-bone-density-and-cortical- bone-area:**-neverthelessthecpossibilityzof having-a
Shrecosocire bl son pacpence TThe e penl e nnll 0 Do an e s ec e Dol
cresede oo gen oo baen ol plere mone o me e e aes e e pod
even-in-which-foot sites-these-fractures-are miore-probably-to-orcur:
The-matn-Hmitations-of the present study are that fosibathpl avers-wore shoes
with different stud designs and they had different foct bepes. Despite this, neither MP
posssonoprqen o ereneos vpeee - ol bobaioop brenn on e los pueese e dl fecend oo
type-and stud-designs-{Suppiamentary Table- Fand-Hy-Although-the total sample size-of
male-foothball-players-in-the present stuoy-G-= 40 was-lower compared-to-those in-other
pOCT-studies{99%_or-71-male-football-playets)this-sample-size-was-higher-than
those-in-studissmeasuring-plamtarpresstirass (A5 or 21%°).On-the-other-hand—the-main
strength is that this is the firsi study comparing bone geometry and strength based on
biomechaniegl parameters-such-as-plantar-pressures: The main limitation of the present

study is that the sample size of young soccer players is small and, therefore, the power
of this study Is reduced. Another limitation is that MP were measured for the whole
circuit instead of being measured for each task separately. Furthermore, the validity and
reliability for determining MP could not be calculated because only the trial with the

highest plantar pressures was saved.

Conclusions
In summary, the present study shows that adolescent feotbalt soccer players with
higher plantar pressures have better bone-geometry-than-these-players-with-lower
plantarpressures Tt.BMC, Ct.BMC and Ct.Ar than controls; nevertheless, those players
with lower plantar pressures do not show differences in bone geometry and strength
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compared to those with high plantar pressures and controls. Fhus-measurement-of

footbal-players: Overall, mechanical loading produced by feetball soccer-specific
actions increases bone development nevertheless, anexeessve#epetmenenhesemgh-

rest-between-sessions-might-prevent-from-stresstractures without-hindering the-potential
benefit-of footbal-practice-on-bene. performing soccer actions at hign intensity might
increase the stimulus on bone and, at the same time, provide an extra gain of bone
geometry. Thus, an increment of the intensity of soccer trainings couid also incirease the
intensity of soccer actions during matches and, at the same time, bone heaiib of soccer

players.
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Table 1. Descriptive characteristics and maximum values of the average pressure

of feetball soccer players with low and high plantar pressures and controls.

SOC-HP SOC-LP CG

(n=15) (n=25) (n=13)
Descriptive characteristics
Age (y) 13.1+04 13.3+0.5 13.1+0.9
Weight (kg) 49.0+9.9 46.4+11.6 495+9.8
Height (cm) 157.9+9.0 1555+ 8.6 156.2 £6.2
BMI (kg-m) 19.6 +3.3 19.0+3.1 202+29
Tibia length (mm) 361 + 22 35121 355+ 23
Muscle CSA (mm?) 5692 + 835 5370 £ 1100 5348 £ 1256
Fat CSA (mm?) 2123 £ 1057 1870+ 721 2518 £ 726
Daily calcium intake (mg) 731.4+2115 787.9 +374.2..991.0 £ 543.1
Maturity offset (y) -05+06 -0.5+ 0.5 -0.6 0.7
Age PHV (y) 13.6'+0.4 13.8+04 13.7+0.3
Training years () 62 52 -
Training hours (h/week) 4016 3.1& 1.2 -

MP (kPa)
Lateral
Medial
Rearfoot
Midfoot

Forefoot

330.6 #1851
420,12+ 79.3
012.5 +191.5
224.2 +203.9
375.9+83.2

207.6 = 78.8*
245.2 + 55.2*

427.3 + 148.9*

187.2 +133.2
237.6 £ 70.0*

Values/are ynean £ 50

FOOT SOC-HP: foetbaH soccer players with high maximum values of the average

pressure; FOOF SOC-LP: feotbal soccer players with low maximum values of the

average pressure; CG: controls; BMI: body mass index; CSA: cross sectional area;

PHV: peak height velocity; MP: maximum value of the average pressure.

* significant differences between soccer groups.
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TFeststatistic % Difference
273 F-BMC{(g) 3.04+0.25 3214024 017001034y  F(1.36)=4.6-p=038 1% =0.1% 54
g SEBMGCHg) 2764022 2944022 017003032y  F(1.36)=57p=022 #% =014 59
10 FrA(mm?) 386+32 397433 11 (-10.33) F(1.36) =11 p =301 %= 003 28
g Sty 265+ 23 279+ 24 14(-2-29) F(1.36)=3.0p-=090R%/=0 -4.9
13 Bone strength
14 StFhmm) 4884038 5.10+0.38 021 (-0.04.047)  F{36)=29 5 =098 4% =007 42
15 FreLax-(n) 30171+ 3848 3223543874  206.4(-52.8.4656) F(136/ =26 p=_115/1%=0.67 64
16
6.4

SSlp-{rmm?) 1350.6+ 1534 14429+ 1545 923(4111956)  F(35)=33 p—078,5%% =008

& XSSk strength-straindtdex-in-polarw?y-partial-eta-squared:

23 T e

24 E-p-<-05-differences-between-foothall-groups:

25

26

27 Table 1. Adjusted pQCT values of soccer players with low and high plantar pressiiies and controls.

28 SOC-HP SOC-LP CG Test statistic

29 (n=15) (n=25) (n 32

3(1) Bone geometry

32 Tt.BMC (g) 3.22 +0.28* 3.0540:28 2,95 +0.28 F(2,48) =3.3, p=.044, n% =0.12
33 Ct.BMC () 295+ 0:26* 2.77.+0.26 2.68 £ 0.26 F(2,48) = 3.8, p =.030, n% =0.14
345‘ TLAr (mm?) 398 + 35 388 + 35 369+ 35 F(2,48) = 2.4, p = .097, 1% = 0.09
36 Ct.Ar (mm?) 280+ 27* 266 + 27 253 + 27 F(2,48) =3.4, p=.043, 1% = 0.12
37 Bone strength

38 Ct.Th (mm) 5.12 4043 4.88 +0.43 4.77+0.43 F(2,48) = 2.4, p = .098, 0% = 0.09
i?) Fre.LdX (N) 3233.3+428.6 3041.8 +426.1 3015.1 + 424.9 F(2,48) =1.2, p = .315, 1% = 0.05
41 SSlp (mm®) 14458 +181.8 1362.7 + 180.8 1292.3 + 180.2 F(2,48) = 2.5, p = .092, n% = 0.10
42 Values are mean + SD. pQCT variables adjusted by weight and tibia length.

43 SOC-HP: soccer players with high maximum values of the average pressure; SOC-LP: soccer players with low maximum
33 values of the average pressure; CG: controls; pQCT: peripheral quantitative computed tomography; Tt.BMC: total

46 volumetric bone mineral content; Tt.Ar: total cross sectional area; Ct.BMC: cortical volumetric bone mineral content; Ct.Ar:
a7 cortical cross sectional area; Ct.Th: cortical thickness; Frc.LdX: fracture load in axe X; SSlp: strength strain index in polar;
48 n?%: partial eta squared.

49 *: p <.05 differences between SOC-HP and CON.
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TITLES OF FIGURES
Figure 1. Experimental setup. Black circles represent slalom poles and black triangles
represent feetbal soccer cones. 1) three two-footed jumps of 30-cm hurdles, 2) a zigzag
run around four slalom poles, 3) a three-m sprint, 4) a lateral shuffle, 5-6) two three-m

sprints separated by a 90° cut.

Figure 2. Foot areas for plantar pressure analysis. Area 1 represents mediai-foot, area 2
represents lateral foot, area 3 represents forefoot, area 4 represents midfoot-and area 5

represents rearfoot.
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ABSTRACT
BACKGROUND: Mechanical loads exerted by soccer-specific actions increase bone
remodeling activity. Nevertheless, little is known about the relationship between plantar
pressure and bone structure. Therefore, the aim of this study was to compare bone
geometry and strength between soccer players who exhibited different maximum values
of the average pressures (MP) when performing a combination of soccer-specific tasks.
METHODS: Forty male adolescent soccer players (mean age 13.2+0.5 y)and 13
controls (mean age 13.1+0.9 y) participated in this study. Biofoot®system was used to
measure MP at the non-dominant foot during a circuit of soccer-specific tasks. Cluster
analysis was performed to classify players into groups of similar MP profiles rgsulting
two different groups as follows: 15 players with high MP (SOC-HP; meanMP:
392.7+68.2 kPa) and 25 with low MP (SOC-LP; mean-MP: 261.0+49.6-kPa). Total and
cortical volumetric bone mineral content (Tt.BMC/Ci.BMC), crgss=sectional area
(Tt.Ar/Ct.Ar), cortical thickness (Ct.Th), fracture load in X<axis,’and polar strength
index (SSIp) were measured at 38% of the non-dominant tibia by geripheral quantitative
computed tomography. Bone geometry and strength' comparisons between SOC-HP and
SOC-LP were performed using analyses of covariarice conirailing by weight and tibia
length.
RESULTS: Greater Tt.BMC, Ct.BMC @nd Tt.Ax were found in SOC-HP compared to
CG (Tt.BMC: 3.22vs2.95 g, Ct.BMC:2.95vs268 g, Ct.Ar: 280vs253 mm?; p<.05).
Nevertheless; no significant bone geomeiry and strength differences were found
between soccer-groups and-between SOC-LP and CG (p>.05).
CONCLUSIONS: Developing high MP when training and playing soccer might be
favourabie to botie development.

Key words: Adotescent, soccer, foot, bone and bones.



OLooONOOTULTE, WN R

Page 49 of 70

TEXT
Introduction

Osteoporosis has its clinical manifestations mainly through adulthood and old
age. Nevertheless, childhood and adolescence are considered critical stages to gain bone
mass and fight against this disease.* Peak bone accretion occurs at 12.5 years in females
and at 14.1 years in males? and, after 4 years from this peak, 95% of the maximum adult
bone mass has been already attained.® Therefore, the prepubertal and peripubertal years
are windows of opportunity for maximizing the response to exercise and 0steoporosis
prevention.*

Although peak bone mass is mainly determined by genetics (60-80% of peak
bone mass), there are other parameters such as physical activity, nutrition,and
hormones that may influence it.> For instance, physical exercise and its:tnherent impacts
and muscle forces cause high mechanical straifis to the bone and; at thie same time, an
increase of bone remodeling activity to reinforce the bone andd protect its structure.’
Focusing on bone-exercise interactions during growth, it is\importanizto mention that
not every sport produces the same effect.on bone mass.‘in fact, it'has been observed that
participation in high-impact sports such as soccer,“ basketbaii,® racquet games'® is
associated with a gain in'bone mineral content:(BMC).ana bone mineral density in most
weight-bearing sites suchas lumbar spine; hiip and-iower limbs; nevertheless,
participation in-ngn-irnpact sports suich as switnming,** cycling*? do not present this
association. Therefore, the effect.on boneseerrns to be sport-dependent and is driven by
the specific.mechanical loads-that sporis'demand.

An option to quaniify mechanical loading is measuring plantar pressures when
executing different sports actions. This technique has been widely used in soccer
research™ ** and>provides an insight of the mechanical load intensity that the lower
limbs receive during soccer practice. Although some biomechanical studies have
analysed plantar pressures and their association with bone in young soccer players,*3 1°
these studies were only focused on stress fractures. Since plantar pressure is commonly
measured, its association with bone structure could give further information about the
effects of playing soccer on bone health status.

Because soccer practice is characterized by the repetition of several high-impact
movements, the stress in different foot areas such as the 5" metatarsal (one of the most
common non-contact injuries in soccer'®) increases, which may result in stress fractures.

As Shuen et al.'® reported, the type of surface or shoes and, more importantly, the
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intensity and the volume of soccer trainings might be the main factors determining those
stress fractures. Thus, in terms of bone, an adequate training volume and intensity (e.g.
two or three trainings of moderate-vigorous intensity per week) in children and
adolescent soccer players might help to mitigate the above-mentioned fractures and
improve bone parameters. To the best of our knowledge, there are no previous studies
evaluating bone health of young soccer players based on their plantar pressures.
Therefore, the aim of the present study was to compare bone gescmetry and
strength between male adolescent soccer players, taking into account their maximum
values of the average pressures (MP) registered during a combination of soccer-specific
tasks. We hypothesized that soccer players with higher plantar pressures (SOC-HF)
would exhibit better bone geometry and greater bone strength coimpared tg those with

lower plantar pressures (SOC-LP) and controls (CG).

Materials‘and methods

Participants

Forty-four male soccer players from five different soceer €lubs of Aragon
(Spain) and 23 CG agreed to participate in the present studv. Four soccer players were
excluded from the analysis as they were not Caucasian, thiee controls as they had
blurred pQCT images; and seven contrgis as they were older than 14 at the beginning of
the study. Finalty; a total of 40 soccer players {fmean age: 13.2 + 0.5 y) and 13 age
matched contrels (mean age: 13.3+ 0.8y were included in the study analysis. After
performing hierarchical and K-means ciuster analyses (see statistical analyses), these
players'were split into two groups according to their MP, registered in five areas of their
non-dominant foot during a combination of game-specific tasks: 15 SOC-HP (mean
age: 13.1 + 0.4 y, mean MP of the all foot areas: 392.7 + 68.2 kPa; Table I) and 25
SOC-LP (mean age: 13.3 £ 0.5y, mean MP of the all foot areas: 261.0 + 49.6 kPa;
Table I). Moreover, these soccer players had different foot types (16 players with
normal foot, 14 with high arch, and 16 with flat foot). Measurements took place
between May and July 2014.

Although the five soccer teams did not perform exactly the same soccer
exercises, their trainings lasted approximately 90 min, including 5-min warm-up
consisting of low-intensity running; 5-10 min of low-intensity games; 60 min of

technical soccer exercises (i.e. passing, kicking, running, dribbling); and finally, 5-10
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min of cool down performing stretching exercises. On the other hand, these soccer clubs
competed at provincial level for their age category.

The protocol, and the possible benefits and risks of this study were explained to
participants, parents and club managers. Before taking any data, all participants gave
verbal assent and parents fulfilled and signed a written informed consent. This study
was performed following the guidelines declaration of Helsinki 1961 (revision-of
Fortaleza 2013) and the protocol was approved by the Ethics Committee of Clinical
Research from the Government of Aragon (CEICA, Spain) [C.I. P113/0091]. The
present study is a part of the FUTBOMAS project, which was registered in the 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.'’

Inclusion criteria

Participants had to be Caucasian; playing soccer for.aperiog ctat least one year
prior to data collection (soccer players)-arnot beingengaged in-afy regular sport (CG),
between 11 and 14 years at the beginning of the FUTBOMAS project, and free of any

medication affecting borne:

Anthropometric measurements

Following the procedures defined by the International Society for Advancement
in Kinanthropometry (ISAK);* height (stadiometer SECA 225. SECA. Hamburg,
Germariy; to'the nearest.9.1 cm) and weight (scale SECA 861. SECA. Hamburg,

Germany; to the-nearest 0.1 kg) were measured without shoes and with minimal clothes.

Maturity offset
Maturity offset, described as the time (years) before and after the age of peak
height velocity, was calculated using the following equation proposed by Moore et al.:*°
Maturity offset = -7.999994 + (0.0036124 x (age x height))
Additionally, the age of peak height velocity was calculated as the subtraction of

the age from maturity offset.

Calcium intake
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A validated calcium food frequency questionnaire was used to estimate

milligrams per day of calcium intake.?°

Protocol

Participants wore soccer shoes (Adidas Nitrocharge 3.0 soccer shoes, Adidas
AG, Herzogenaurach, Germany) with two different stud designs suitable foruse.on
artificial surfaces: 11 soccer players wore a turf stud design (71 studs) and-29 soccer
players wore a hard-ground stud design (22 studs).

All participants performed a warm-up that consisted of approximately threg
minutes of lower limb articular mobilization (hip, knee and’ankie) and two sub-thaximal
familiarization trials of the combination of some soccer-specific tasks. This circuit was
composed of three two-footed jumps of 30-cm hurdles, a'zigzag run around four poles,
a lateral shuffle and two sprints separated by a'90° cut (see Figure 1), Before starting the
test, participants were sitting on a chair putting thei feet up to‘avoid plantar pressure
interferences. They were instructed to‘perform two trials at-maximunyspeed resting
approximately two min between them. The trial withthe highest WP was included in

the present study.

Plantar pressure measurements

Biofoot® (iBV, Valencia, Spain) systemwas used to measure MP of both feet.
This system is composed of two insoles-thatare connected to two amplifiers located on
the lateral aspect of participants’ legs. At the same time, these amplifiers are linked with
a transmission module that is located on the participant waist (at lower back) and sends
the data to'the computer by digital telemetry. These thin (0.7 mm thickness), flexible
and polyester insoles are size-specific and have 64 piezoelectric sensors distributed
along the foot. This system uses kilopascal units (kPa) and the sample frequency was
set up at 100 Hz for 15 s.

Plantar pressures of the non-dominant foot were analysed as bone measurements
were performed at this side. Following manufacturer’s software instructions (version
6.1), plantar pressures were analysed in the following five areas of the foot: lateral foot,
medial foot, forefoot, midfoot and rearfoot (Figure 2). The plantar pressure variable
selected for each one of the 5 foot areas was MP. Firstly, the software computed for

each step the mean of the maximum pressure measured by each sensor of a determined
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area; afterwards, the final data obtained represents the average maximum value of all
steps during the whole circuit.

Foot types were also determined following the guidelines proposed by Shiang et
al.?! To measure arch height and arch angle, participants stood with their arms relaxed
and looking straight ahead. Arch height was assessed from the distal point of navicular
bone to the floor. Then, flat foot was determined when navicular height was-icwer than
37 mm; normal foot with values between 37 and 40 mm; and high arch foot with vatues
higher than 40 mm. Afterwards, arch angle was obtained from the line-conrecting the
most medial point of the heel with the most medial point of the first metatarsal bope;
and the line connecting the most lateral point of the medial foot with the most fedial
point of the first metatarsal bone. In terms of arch angle, flat foot was determined when
arch angle was lower than 46°; normal foot with values between 46 aiid 55°; and high
arch foot with values higher than 55°. Both navicularheight and ‘arch-angle parameters

should be the same in order to determine which foot were ftat @i high-arch.

Bone assessment by peripheral quantitative computed temograpliy (pQCT)

Volumetric BMC, bone‘area and bone strengih indexes were assessed at the non-
dominant tibia with a Stratec XCT-2000 L pQT T scariner-(Stratec Medizintechnik,
Pforzheim, Germany). This device is airanslate-rotate, small bore computed
tomography scanrierthat acquires a trans-axiattmage. pQCT equipment was calibrated
daily using-aguality-control phantom anddollowing the manufacturer guidelines
(Stratec Medizintechnik, Pfarzheim, Germany). Coefficients of variation for each pQCT
variahie at non-dominant tibia in our laboratory were: 0.25% for total BMC (Tt.BMC),
0.50% forcortical BMC (Ct.BMC), 0.72% for total area (Tt.Ar), 0.73% for cortical area
(Ct.Ar), 1.12% for cortical thickness (Ct.Th), 2.51% for fracture load in X-axis; and
2.08% for polar strength strain index (SSlp).

The lower limb dominance was determined by players preferred kicking leg.?
Although the measurement of non-dominant or dominant lower limb has not been
clarified yet in pQCT studies,?® the non-dominant lower limb was selected for the
measurements.

Participants were seated on a chair adjustable to the body proportions of each
participant. The tibia length was assessed 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 (AML). Then, the non-dominant lower limb was centred in the imaging field,
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and the foot and knee were secured to reduce movement. Once the scanner was
positioned on the distal tibia, a scout view was done to manually set the reference line
on the midpoint of the distal tibia end plate. Scans were performed at 38% site of the
length of the tibia to assess cortical bone and bone strength indexes. Following the
International Society of Clinical Densitometry (ISCD) official positions,?® the measured
parameters at the 38% site of the length of the tibia were Tt.BMC (g), Ct.BMC(qg),
Tt.Ar (mm?), Ct.Ar (mm?), Ct.Th (mm), fracture load in X-axis (N) and-SSip\(mm?3).
Muscle and fat cross sectional areas (mm?) were measured at the 66%o-site cf the length
of the tibia.

Version 6.20 of the manufacturer’s software was used to analyse pQCT-images.
At 38% site of the tibia, the periosteal surface of the bene was determinedising the
contour mode 1 with a threshold of 280 mg/cm?3. Cortical bone was obitained using
cortical mode 1 with a threshold of 710 mg/cm?. To ebtain bone'strength variables
(fracture load in X-axis and SSlp), cortical'mede 1 with a threshoid of 280 mg/cm? was

used. After that, bone mineralization 6f 1200-mg/cm?® was assumed

Statistical analyses

The Statistical Package for the Sociai-Sciences (SPSS) version 22.0 for Mac OS
X (SPSS Inc., Chicago, IL, USA) was used-for alicstatistical analyses. Data were
presented as mean = standard deviation (SD).'All variables showed normal distribution
tested with-the Shapiro-Wilk test.

Cluster anatysis was:performed to identify groups of soccer players with similar
MP. Foilowing the methodology of clustering applied in Prokasky et al.?* and Sanson et
al.? studies, hierarchical clustering and K-means clustering were used. Firstly, to reduce
the sensitivity of'the Ward’s method to outliers, univariate (those that were >3 SD
above or below the mean) and multivariate outliers (those that had high Mahalanobis
distance) for MP at each foot area were examined, and no outliers were found. In the
first step, hierarchical cluster analysis was performed to determine the number of
clusters. After examining the dendrogram obtained from this analysis, the suggested
number of clusters were two. In the second step, K-means clustering analysis was
applied using as non-random starting points the cluster centres obtained by the previous
Ward’s hierarchical procedure.

In order to test the stability of these clusters, cluster analysis was repeated in two

subsamples randomly obtained from the whole sample of this study. Afterwards,
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Cohen’s Kappa coefficient () was used to measure the agreement between the original
cluster obtained from the whole sample with the merger of the new two clusters created
by subsamples. This comparison showed an excellent agreement (Cohen’s Kappa
coefficient was 1).

One way analyses of variance (ANOVA) were performed to examine differences
between soccer groups and CG for descriptive characteristics; and between .soccer
groups for MP measured at different foot areas (lateral, medial, rearfoot, midioot and
forefoot). Furthermore, analyses of covariance (ANCOVAS) were appiied to compare
bone geometry and strength variables between the two soccer groups and CG using
weight and the length of the tibia as covariates. Bonferroni corrections were appiied to
control the Type Il error of multiple comparisons.

Effect size statistics were reported as partial eta squared (n%,) for ANCOVAs.
Taking into account cut-off points established by Hopkins et al. 2% the effect size for n?

can be small, medium or large. Statisticat-significance was set.at'p < .05.

Results

Despite the different type of foot and stud designiused, no proportion differences
between soccer players:with/different type of foot (x4(2) = 0.770, p = .681) and who
wore different stud-designs (x%(1) =.0.677) p = 41%) were found. Furthermore, no
significant MPdifferences were found in any foot area when soccer players who had
different foot type and those who-wore different stud designs were compared
(Suppiementary Table }and)Ii).

No descriptive differences were found between SOC-HP, SOC-LP and CG (p >
.05; Table I). lvcontrast, SOC-HP showed higher MP at the lateral foot, medial foot,
rearfoot and forefoot compared to SOC-LP (p < .05; Table I). Additionally, when MP
comparisons between SOC-HP and SOC-LP were adjusted by weight, similar results
were found (Supplementary Table 111).

Table Il shows the adjusted pQCT values of SOC-HP, SOC-LP and CG and the
statistics of the comparisons between these groups. Tt.BMC, Ct.BMC and Ct.Ar were
significantly greater in SOC-HP compared to CG (mean differences were 9.1, 9.8 and
10.4 %; p < .05; Table II). SOC-LP did not show significant differences in any of the
pQCT variables compared to SOC-HP and controls (p > .05; Table I1).
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Discussion

The present study shows that adolescent soccer players with higher plantar
pressures present enhanced Tt.BMC, Ct.BMC and Tt.Ar when compared to CG. On the
other hand, no plantar pressures differences were found between those soccer players
who wore different stud designs and had different foot types. This lack of differences
could be explained by the fact that plantar pressures values were measured for-the
whole circuit instead of for each task separately. Moreover, this circuit consisted of
diverse soccer actions such as jumps, zigzag run or changes of direction and, as Eils et
al.'® demonstrated, each soccer-specific action mainly loads a different foot area.
Therefore, after calculating the mean of all tasks, the possible differences between-foot
types could disappear.

The results obtained in the present study also_demonstrated significant MP
differences between the two soccer groups with different plantar-pressures. These
differences might be explained by the fact that those players.with high plantar pressures
had the ability to perform soccer specific actions-at high interisity. Orthe other hand, a
study which evaluated the distribution of different planitar presstires during soccer-
specific tasks, suggested to cansider player positions wheri plantar pressures during
different soccer-specific-actions are evaluated.?> Congcretely, in the present study, to
reduce the possible influence of playingposition arich-also skill level of participants on
plantar pressures,socceer players were-instruected to perform two sub-maximal
familiarizaticn trials-of the circuit and, afterwards, to execute other two trials at
maximum speed:

Adthough a positive association between high plantar pressures and all bone
geometryvariakles-except Tt.Ar has been elucidated, the findings related to bone
strength indexes.could be slightly mediated by bone growth. Cortical bone and bone
strength parameters regularly increase until the age of 14 years in males and, afterward,
these parameters abruptly increase.?” As only three SOC-LP had just achieved this age,
future studies including a sample of soccer players older than 14 years could help to
clarify if these bone differences between soccer players with different plantar pressures
and CG can be observed in later ages.

The main response of bone to physical exercise in both male prepubertal or
pubertal athletes is periosteal apposition increasing, at the same time, bone area, Ct.Th
and bending and torsional forces.?® In the present study, when SOC-LP were compared

to SOC-HP and CG, no bone differences at any bone geometry and strength parameters
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were found. The lack of differences between soccer groups could be explained by the
fact that both groups did similar soccer exercises, and probably, had comparable
enhancements of the bone. Therefore, both groups might have benefited from the effects
of soccer practice on bone. On the other hand, the absence of significant differences in
most of bone variables between soccer players and controls could be due to the early
maturity status of all participants included in the present study. The effects of saccer
practice on bone could be observed more clearly in the following years when'the peak
of bone accretion is reached.?

As Frost explained,?® high intensity strains (i.e. soccer actions) increase bone
remodeling activity resulting in bone adaptations to loads. Additionaiiy, the intensity of
these strains may provoke different bone adaptations.? For instaince, a study, performed
with young soccer players® showed higher bone parameters at their non=dominant
lower limb compared to their dominant one. I terms.of soccer practice, the non-
dominant lower limb supports each action performed by doininant one (skilled lower
limb), meaning that mechanical strains received by each lower limiy&re different (higher
in non-dominant lower limb). The present study shouis ihat onty soccer players
receiving higher mechanical strains’have higher Ti.BMC; Ct.BMC and Ct.Ar. compared
to controls which is in agreement with the mechanostat theory and previous studies
developed in soccer players:2® 30

The maindimitation of the present study-is that the sample size of young soccer
players is small.and, therefore, the power o this study is reduced. Another limitation is
that MP were measured for the'whole circuit instead of being measured for each task
separaiely. Furthermore,the validity and reliability for determining MP could not be

calculated-because oty the trial with the highest plantar pressures was saved.

Conclusions
In summary, the present study shows that adolescent soccer players with higher
plantar pressures have better Tt.BMC, Ct.BMC and Ct.Ar than controls; nevertheless,
those players with lower plantar pressures do not show differences in bone geometry
and strength compared to those with high plantar pressures and controls. Overall,
mechanical loading produced by soccer-specific actions increases bone development;
nevertheless, performing soccer actions at high intensity might increase the stimulus on

bone and, at the same time, provide an extra gain of bone geometry. Thus, an increment
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of the intensity of soccer trainings could also increase the intensity of soccer actions

during matches and, at the same time, bone health of soccer players.
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Table 1. Descriptive characteristics and maximum values of the average pressure

of soccer players with low and high plantar pressures and controls.

SOC-HP SOC-LP CG

(n=15) (n=25) (n=13)
Descriptive characteristics
Age (y) 13.1+04 13.3+0.5 13.1 +0:9
Weight (kg) 49.0+9.9 46.4+11.6 495+9.8
Height (cm) 157.9+9.0 1555+ 8.6 156:2 £6.2
BMI (kg-m) 19.6 +3.3 19.0+3.1 2012/£ 2.9
Tibia length (mm) 361 + 22 35121 355+ 23
Muscle CSA (mm?) 5692 + 835 5370 £ 1100 5348 #1256
Fat CSA (mm?) 2123 £ 1057 1870+ 721 2518+ 726
Daily calcium intake (mg) 731.4+2115 787.9 +374.2.-.991.0 £ 543.1
Maturity offset (y) -05+06 -0.5+ 0.5 -0.6 £0.7
Age PHV (y) 13.6'+0.4 13.8 £+ 04 13.7+0.3
Training years (y) 62 52 -
Training hours (h/week) 4016 3.1& 1.2 -

MP (kPa)
Lateral
Medial
Rearfoot
Midfoot

Forefoot

330.6 #1851
420,12+ 79.3
012.5 +191.5
224.2 +203.9
375.9+83.2

207.6 = 78.8*
245.2 + 55.2*

427.3 + 148.9*

187.2 +133.2
237.6 £ 70.0*

Values/are ynean £ 50

SOC-HP: soccer players with high maximum values of the average pressure; SOC-

LP: soccer players with low maximum values of the average pressure; CG:

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

velocity; MP: maximum value of the average pressure.

* significant differences between soccer groups.
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Table 11. Adjusted pQCT values of soccer players with low and high plantar pressures and controls.

SOC-HP SOC-LP CG Test statistic

(n=15) (n=25) (n=13)
Bone geometry
Tt.BMC (9) 3.22 +0.28* 3.05+0.28 2.95+0.28 F(2,48) =3.3, p = .044,m% = 0.12
Ct.BMC (9) 2.95 +0.26* 2.77+0.26 2.68 +0.26 F(2,48) = 3.8, p =..030, n% = 0.14
Tt.Ar (mm?) 398 + 35 388+ 35 369+ 35 F(2,48) = 2.4,p=.097; 1% = 0.09
Ct.Ar (mm?) 280 + 27* 266 + 27 253 + 27 F(2,48) =3.4,p = .043, 1% = 0.12
Bone strength
Ct.Th (mm) 5.12 +0.43 4.88 +0.43 477 £0.43 F(2,48) = 2.4,)p = .098, ;= 0.09
Fre.LdX (N) 3233.3 +428.6 3041.8 +426.1 3015.1 +424.9 F(2,48) =1.2, p = .318/n% = 0.05
SSlp (mm?) 14458 +181.8 1362.7 £180.8 1292.3 +180.2 F(2)48) = 2.5, p = 149271% = 0.10

Values are mean + SD. pQCT variables adjusted by weight and tibia length.

SOC-HP: soccer players with high maximum values of the average presstire; SOC-LP: soccer players with low maximum

values of the average pressure; CG: controls; pQCT: peripheral quantitative.computed tomegraghy, Tt. BMC: total

volumetric bone mineral content; Tt.Ar: total cross sectional area; Ct.BMC: certical volumatriobone mineral content; Ct.Ar:

cortical cross sectional area; Ct.Th: cortical thickness; Frc£dX: fracture’lcad in axe X;.§Sip: strength strain index in polar;

n?%: partial eta squared.
*: p < .05 differences between SOC-HP and CON.
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TITLES OF FIGURES
Figure 1. Experimental setup. Black circles represent slalom poles and black triangles
represent soccer cones. 1) three two-footed jumps of 30-cm hurdles, 2) a zigzag run
around four slalom poles, 3) a three-m sprint, 4) a lateral shuffle, 5-6) two three-m

sprints separated by a 90° cut.

Figure 2. Foot areas for plantar pressure analysis. Area 1 represents mediai-foot, area 2
represents lateral foot, area 3 represents forefoot, area 4 represents midfootand area 5

represents rearfoot.
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