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Background: The positive association between physical fitness and bone structure has been widely investigated in
children and adolescents, yet no studies have evaluated this influence in young children (ie, preschoolers).

Hypothesis: Fit children will present improved bone variables when compared with unfit children, and no sex-based
differences will emerge in the sample.

Study Design: Cross-sectional study.
Level of Evidence: Level 3.

Methods: Handgrip strength, standing long jump (SL)), speed/agility, balance, and cardiorespiratory fitness (CRF) were
assessed using the Assessing FITness levels in PREschoolers (PREFIT) test battery in 92 children (50 boys; age range, 3-5
years). A peripheral quantitative computed tomography scan was performed at 38% of the length of the nondominant tibia.
Cluster analysis from handgrip strength, SLJ, speed/agility, and CRF was developed to identify fitness groups. Bone variables
were compared between sexes and between cluster groups. The association between individual physical fithess components
and different bone variables was also tested.

Results: Three cluster groups emerged: fit (high values on all included physical fitness variables), strong (high strength
values and low speed/agility and CRF), and unfit (low strength, speed/agility, and CRF). The fit group presented higher
values than the strong and unfit groups for total and cortical bone mineral content, cortical area, and polar strength strain
index (all P < 0.05). The fit group also presented a higher cortical thickness when compared with the unfit group (P < 0.05).
Handgrip, SLJ, and speed/agility predicted all bone variables except for total and cortical volumetric bone mineral density.
No differences were found for bone variables between sexes.

Conclusion: The results suggest that global fitness in preschoolers is a key determinant for bone structure and strength but
not volumetric bone mineral density.

Clinical Relevance: Physical fitness is a determinant for tibial bone mineral content, structure, and strength in very young
children. Performing physical fitness tests could provide useful information related to bone health in preschoolers.
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hysical activity is a major determinant for body
composition,” cognition,"" bone mass,” bone strengthf0
and quality of life” in children. Nonetheless, some
studies have suggested that the effect of physical activity on the
previously mentioned outcomes is mediated by physical
fitness.* It is clear that both are positively associated, and that
while registers of physical activity are usually based on a 7-day
window, physical fitness is a robust physiological measure that
could reflect the amount of physical activity performed over a
longer time span (eg, months).

The effects of physical fitness on health have also been widely
studied in children,” finding positive associations with quality
of life,” metabolic risk factors,® and bone health,* among
others. Focusing on bone health, 12 of 17 studies included in a
meta-analysis by Smith et al*® showed a positive association
between muscular fitness and bone mass. Gracia-Marco et a
evaluated the influence of several components of physical
fitness and physical activity on bone mineral content (BMC) in
adolescents and found that lower levels of fitness were
associated with lower BMC. An interesting finding of the
previous study' was that cardiorespiratory fitness had no
influence on BMC in boys, suggesting that the development of
different fitness components might act unequally on bone mass.

Both BMC and bone mineral density (BMD), measured using
dual energy x-ray absorptiometry (DXA), have been the most
researched bone variables. Nevertheless, DXA has several
limitations when used in small children,” and unlike peripheral
quantitative computed tomography (pQCT), DXA only provides
information about bone quantity without evaluating structure,
and therefore bone quality. This might be very important
information, as bone strength, which is a fracture risk factor, is
determined by both BMD and bone structure.”

Few studies have measured the association between physical
fitness and bone structure in children, finding that muscular
fitness predicts adolescent bone strength in 17-year-olds™ and
that active, fit 7- to 9-year-old boys present greater cortical area
and thickness compared with inactive, unfit boys.” To the best
of our knowledge, no studies have evaluated the association
between physical fitness and bone structure in very young
children (ie, preschoolers). It is important to clarify this effect,
as poor bone accrual during growth is associated with increased
fracture risk in childhood™** and may influence lifelong fracture
risk >

Therefore, the aims of the present study were to (1) determine
the association between different physical fitness components
and several structural bone parameters in 3- to 5-year-olds, (2)
analyze the overall association between physical fitness and
bone structure, and (3) determine whether sex-based
differences regarding bone structure have already emerged in
3- to 5-year-old children. It was hypothesized that fit children
would present improved bone variables when compared with
unfit children and that no sex-based differences would be
present in the sample.

118

METHODS
Study Design and Participants

This study is part of the PREFIT project (Assessing FITness
levels in PREschoolers; http://profith.ugr.es/prefit), a
multicentric study developed in 10 Spanish cities aiming to
include 3000 preschool children to develop physical fitness
reference values with the PREFIT physical assessment battery
and to determine the association of physical fitness and several
health outcomes. The present study focused on the sample from
Zaragoza, Spain, the only center in which bone structure was
measured, and is not representative of the entire Spanish
population of preschoolers. The study protocol was approved
by the Review Committee for Research Involving Human
Subjects from the University of Granada (No. 845) and by the
ethics committee of the University of Zaragoza (CEICA
CP18/2014) and it adheres to the Helsinki Declaration of 1961
(revision of Fortaleza 2013). Signed informed consent was
retrieved from the parents or legal guardians of all participants.

In order to be included, participants had to be (1) in
preschool years 1, 2, or 3 (starting ages 3, 4, or 5 years,
respectively) and (2) healthy and not taking medications
affecting bones. Those participants who did not present
complete fitness and bone data were excluded from final
analyses. Bone scans showing any sign of movement were
omitted from all analyses. From the initial 139 participants (77
boys, 62 gitls), 47 scans (27 boys, 20 girls) were excluded from
the analysis due to movement artifact (37%). Therefore, to
guarantee high-quality data, all analyses for the present study
were conducted with 92 participants (50 boys, 42 gitls).

Physical Fithess Assessment

Physical fitness was assessed with the PREFIT physical
assessment battery,” which is known to be feasible and reliable
in preschoolers,6 The PREFIT battery was performed to measure
physical fitness. To obtain the highest level of performance,
participants were verbally encouraged throughout the duration
of all tests. The performed tests were the following:

1. Handgrip strength tests (handgrip): This was measured using
a handgrip dynamometer (TKK 5001, grip A; Takei) (range,
0-100 kg; accuracy, 0.5 kg). Children were in a standing
position maintaining the arm of the tested side straight down
with the shoulder slightly abducted (~10° not touching the
rest of the body), the elbow in 0° of flexion, the forearm in
neutral position, and the wrist in 0° of flexion. The best
value of 4 attempts (2 trials with each hand) was chosen.

2. Lower limb explosive strength (SLJ): This test consisted of
jumping horizontally, with both feet at the same time, the
maximum distance over a nonslippery and hard surface with
the feet immediately behind the starting line and separate
from each other, approximately at shoulder width. Children
performed 3 jumps with 1 to 2 minutes of rest between
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attempts. The best value of 3 attempts (in centimeters) was
used for analysis.

3. Balance (standing on 1 leg; balance): the single-leg stance
test was used to evaluate static balance. Each leg was scored
and calculated as the length of time balance was maintained.
Children were allowed to use their arms if necessary to
maintain the balance position as long as possible. The timer
was activated when the free leg left the ground, and the test
ended when the children were not able to maintain the
required position (eg, moved the supporting foot, heel, or
toe from the original position) or when the free leg touched
the ground. The mean of 2 attempts was registered.

4. Speed/agility (4 x 10-m shuttle run; agility): Participants ran
back and forth 4 times along a 10-m track at the fastest
speed possible. At the end of each track section, the
participants had to touch the hand of a researcher, crossing
the finish line with both feet. Children performed the test
twice with 1 to 2 minutes of rest between attempts. The best
result (fastest time) was used for analysis.

5. Cardiorespiratory fitness (PREFIT 20-m shuttle run; laps):
This test required participants to run back and forth between
2 lines set 20 m apart. Running pace was determined by
audio signals emitted from a prerecorded compact disc; the
initial velocity was 6.5 km/h, which was increased by
0.5 km/h/min. The test also required that 2 researchers run
with the preschool children, one in front and the other
behind, forming an imaginary band in motion that helped
maintain the correct speed. The test was finished when the
participant failed to reach the end lines concurrent with the
audio signals on 2 consecutive occasions or the child
stopped because of fatigue.

0. Relative handgrip strength (Rel_Handgrip): This was calculated
as the absolute handgrip strength divided by body weight.

The PREFIT battery also includes anthropometric measurements,
with weight measured to the nearest 0.1 kg using a body
composition analyzer (TANITA BC420 SMA) and height assessed
to the nearest 0.1 cm using a stadiometer (SECA 213).

Bone Measurements

A Stratec XCT-2000 L scanner (Stratec Medizintechnik) that has
been proven to be a valid device to measure bone in 3- to
4-year-old children® was used to evaluate the nondominant
tibia. This device is a translate-rotate, small computed
tomography scanner that acquires a transaxial image and allows
for measurement of the tibia and radius. For the obtained image
to be valid for posterior analyses, participants must stay
completely still for the entire duration of the scans. We have
seen that the radius is more sensitive to movement than the
tibia'*; therefore, only the tibia was analyzed. Participants
were distracted with a cartoon that was played for the duration
of the scan with the aim of reducing movement.

The coefficient of variation between measurements for the
phantom is <1%. In vivo coefficients of variation for several
measures of pQCT in our laboratory have been described

elsewhere." The nondominant tibia was selected for
measurements, as recommended by the International Society for
Clinical Densitometry.' The diaphyseal tibia results (located at
38% of the total tibial length) were used, maintaining the
reference line at the tibial endplate. Participants were seated in
a stationary chair, adjusted to the appropriate height. The tibial
length from the distal end of the medial malleolus to the medial
knee joint cleft was measured. A tibial adjustable fastening belt
was used to hold the limb and to limit motion during the scan.
Every limb was centered in the imaging field. The scanner was
positioned on the distal tibia, and a coronal computed
radiograph (scout view) was performed to manually locate a
reference line on the distal end of the tibia. The measurement
sites were located proximal to this reference line by a distance
corresponding to 38% (diaphyseal tibia) of the tibial length.

Bone Outcomes

Data for total and cortical bone at 38% of the tibial length were
registered. Volumetric BMD (vBMD), BMC, and area were
derived for both cortical and total bone. Additionally, cortical
thickness was measured. Bone strength was established with
respect to torsion (polar strength strain index [SSIPOL]) and
bending with regard to the x-axis (Frac_X).

Statistical Analysis

Power calculation and sample size estimations were computed
based on the primary outcome of the multicentric PREFIT
project.” The present study was based on a secondary analysis
using data from a single research center from the multicentric
project, as only 1 center collected bone data. Nonetheless, the
sample size was similar to a previous study that also measured
bone structure in preschool children, which presented a sample
of 101 children (53 boys).*

Sample characteristics are presented as means and standard
deviations or frequencies. Sex-based differences for bone
variables were evaluated using analyses of covariance
(ANCOVAs), adjusting for age and tibial length. The association
between different fitness variables and bone was evaluated
using linear regression models. Two models were created for
each physical fitness variable, with model 1 only including age,
sex, and tibial length (the same model for all physical fitness
variables) and model 2 including all the variables from model 1
plus the physical fitness variable.

Cluster analysis was performed to identify groups of physical
fitness and compare bone variables among groups. As no
sex-based differences for bone variables were found, cluster
analyses were performed for the entire sample.

First, z-scores were calculated for Rel_handgrip, SLJ, speed/
agility, and laps. As Rel_handgrip and SLJ both express strength,
they were grouped into a single variable ((SLJ z-score +
Rel_handgrip z-score)/2), called “strength.” Balance was not
included, as the linear regression coefficients were all
nonsignificant, suggesting that it was not associated with bone
structure or strength. Although the linear regression coefficients
for cardiorespiratory fitness were also nonsignificant, we
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decided to include this variable in the cluster analysis, as
previous studies suggest that it is an important fitness variable
regarding bone mass in children and adolescents.*

Second, hierarchical cluster analysis was performed with the 3
fitness z-score values (strength, speed/agility, and laps), finding
that the final cluster solutions were always highly influenced by
age, with those classified as fit being mostly 5-year-old
participants (preschool grade 3; 5- to 6-year-olds) and those
classified as unfit being mostly 3- to 4-year-olds (preschool
grade 1). These age differences also emerged when stratifying
by grade (into 3 groups), as those classified as fit were always
significantly older than those classified as unfit. Therefore, to
control for the important effect of age and the possible effect of
sex, linear regressions were performed with physical fitness
components as the dependent variable and age and sex as
independent variables. Standardized regression residuals were
saved, and the cluster analysis was developed from the
standardized regression residuals of the 3 previously described
variables: strength, speed/agility, and laps.

To be consistent with clustering methods reported in previous
studies, ™ 2 types of cluster analyses were used: hierarchical
clustering and k-means clustering. To reduce the sensitivity of the
Ward method to outliers, individual outliers and multivariate
outliers (those with high Mahalanobis values distance) were
investigated. First, a hierarchical cluster analysis was initially used,
as the numbers of clusters in the data were unknown beforehand.
The number of clusters was determined by examining
dendrograms, which suggested a solution of 3 cluster groups.

K-means cluster analysis was therefore performed with 3 possible
solutions. This approach minimizes the within-cluster variance and
maximizes the between-cluster distance so that resulting clusters
are as homogeneous as possible. K-means cluster analysis is
considered superior to hierarchical methods because it is less
sensitive to outliers and has been found to result in greater
within-cluster homogeneity and between-cluster heterogeneity.'®

Analyses of variance (ANOVAs) with the z-scores of the fitness
variables and the raw fitness variables were performed to
classify and name the 3 cluster groups. ANOVAs were
performed to evaluate anthropometric differences among
groups, and chi-square tests were developed to compare the
sex and school year distribution among groups. Finally, age-,
sex-, and tibial length-adjusted ANCOVAs were performed to
compare bone variables among the 3 defined cluster groups.

RESULTS
Participant Characteristics and Physical Fitness

A total of 92 children were included in the study. Regarding
physical fitness, data for handgrip, Rel_handgrip, SLJ, speed/agility,
balance, and cardiorespiratory fitness are presented for the entire
sample and stratified by sex in Table 1.

PQCT Variables

From the initial 139 participants, 47 scans presented movement
(37%). No differences were found between sexes for any of the
bone variables (all P> 0.05) (Table 2).

Influence of Physical Fithness on Bone
Content, Structure, and Strength

Linear regression analyses showed similar results for
Rel_handgrip, SLJ, and speed/agility, as they all increased 7* of
model 1 for total and cortical BMC, total and cortical area,
SSIPOL, and Frac_X (from 2% to 5%; all P < 0.05) (Table 3). SLJ
and agility also increased the cortical thickness 7 of model 1
(both P < 0.05) (Table 3).

Both total and cortical vBMD were unaffected by all fitness
components (all P> 0.05) (Table 3). Balance and laps did not
modify model 1 predictions (all P> 0.05) (Table 3).

Cluster Analysis

The 3 physical fitness clusters are presented in Figure 1. Cluster
1 was labeled as “strong,” as it was characterized by high levels
of strength, average levels of speed/agility, and low levels of
cardiorespiratory fitness. Cluster 2 was labeled as “fit,” as it
presented similar values to the strong group for the strength
variables and also presented high values for both speed/agility
and laps. Finally, cluster 3 was labeled “unfit,” as it showed the
lowest values for strength and speed/agility and similar values
for laps to the strong group. Statistical differences among the
groups are described in Figure 1. Descriptive characteristics and
group composition are presented in Table 4.

Regarding bone variables, adjusted age and tibial length
results are presented in Figure 1. No differences were found
among groups for total and cortical vBMD, total area, and
Frac_X. The fit group presented higher values than the strong
and unfit groups for the SSIPOL, cortical area, and total and
cortical BMC (all P < 0.05) (Figure 1). Additionally, the fit
group also presented higher values for cortical thickness than
the unfit group (P < 0.05) (Figure 1). No differences were found
between the strong and unfit groups for any of the measured
bone variables.

DISCUSSION
Bone Sexual Dimorphism

No bone sexual dimorphism, as reported later in life by
previous studies,” was found in our study. Very few studies
have evaluated bone structure in the same age cohort. Moon
et al,” who measured at 38% of the nondominant tibia, found
no differences between 6-year-old boys and girls. Binkley and
Specker,” in a study aiming to evaluate the validity of pQCT
measures in 3- to 4-year-olds, reported no differences between
boy and girl tibial values with the same device used in the
present study (Stratec XCT 2000). These findings, in line with
ours, suggest that BMC, vBMD, and bone structural sexual
dimorphism could emerge later in life, although further research
is needed in this population to confirm our results.

Associations Between Physical
Fitness and Bone

The findings of the present study suggest that physical fitness
might modify bone structure without stimulating vBMD, which
is in line with previous studies. For example, Schoenau™
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Table 1. Descriptive characteristics of preschool children (mean + SD)

Entire Sample (N = 92) Boys (n = 50) Girls (n = 42)

Age,y 4.81+0.76 4.85+0.69 4.76 + 0.84
School year,? 1/2/3 23/40/29 10/24/16 13/16/13
Weight, kg 18.6 £2.8 18.7£23 18.5£3.3
Height, cm 1071 £6.7 107.3£5.8 106.8 7.7
BMI, kg/m? 16.2+£1.2 16.2+1.2 16.1£1.3
Tibial length, mm 227.8+19.3 226.3+16.8 229.4+220
Physical fitness

Mean handgrip, kg 6.87 + 2.47 6.89+2.44 6.84 £ 2.53

Rel_handgrip, kg/weight 0.36 £ 0.10 0.36 + 0.11 0.36 + 0.09

Standing long jump, cm 81.70 + 20.99 85.06 + 20.47 77.69+21.12

Speed runtime 4 x 10 m, s 16.49 £ 2.26 16.22 £ 2.06 16.80 + 2.46

Standing 1 leg, s 14.70 £12.17 13.76 + 11.83 15.81 £12.61

PREFIT 20-m SRT, number of laps 20.43 +11.69 22.44 +13.03 18.05 + 9.51

BMI, body mass index; Rel, relative; SRT, shuttle run test.

School year 1/2/3 indicates the number of participants in each group from preschool year 1, year 2, and year 3.

Table 2. Sex differences in bone mass (adjusted by age and tibial length)?

Tibia 38% Variables Boys (n = 50) Girls (n = 42)
Total BMC, ¢ 1.188 + 0.099 1.161 £ 0.097
Total area, mm? 160.366 + 14.404 156.421 + 14.433

Total vBMD, mg/cm®

741.026 £ 41.571

742.837 £ 41.652

Cortical thickness, mm

2.803+0.212

2.718£0.214

Cortical BMC, g

1.042 + 0.092

1.015 + 0.091

Cortical area, mm?

101.081 £ 9.242

97.511 £ 9.261

Cortical vBMD, mg/cm?

1031.010 + 35.560

1042.091 + 35.631

SSIPOL, mm®

360.825 £ 45.714

350.453 £ 45.806

Frac_X, N

743.204 £ 92.645

745.426 + 92.830

BMC, bone mineral content; Frac_X, bone strength with regard to the x-axis; SSIPOL, polar strength strain index; vBMD, volumetric bone mineral density.
“Values are given as mean + SD. No differences were found between boys and girls (all P> 0.05).

evaluated the association of handgrip and bone strength in 6- to
13-year-old children, finding age-dependent increases in bone
strength indexes, cross-sectional areas, and cortical areas
without increases in vBMD, and more importantly, positive

associations between handgrip and structural parameters
without associations between handgrip and vBMD. Similar
results can be found in older populations, for example, when
comparing the dominant radius with the nondominant radius of
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Figure 1. Physical fitness z-scores and adjusted by tibial length and age bone content, structure, and strength according to cluster
group. BMC, bone mineral content; Crt_Thck, cortical thickness; Frac_X, bone strength with regard to the x-axis; SSIPOL, polar
strength strain index; vBMD, volumetric bone mineral density. “Agility z-scores were inverted, with lower z-scores representing
low agility values. *Significant difference between fit and unfit groups. *Significant difference between strong and unfit groups.

*Significant difference between fit and strong groups.

tennis players (mean age, 30 years). In this regard, Haapasalo

et al*! found significant differences between both limbs for most
of the structural variables without finding differences in vBMD.
These findings, in line with ours, suggest that physical fitness
and consequently physical activity or exercise stimulate bone
structure and not vVBMD. Increases in cortical thickness and in
cross-sectional areas entail increases in areal BMD, as measured
with DXA, which would explain why so many studies have
found benefits of exercise interventions on areal BMD.'*%

The negative results of the balance test were expected, as
Cadenas-Sanchez et al° recently published a study evaluating
the reliability of the tests included in the PREFIT battery and
showed a low reliability for the single-leg balance test,
suggesting that this test should be eliminated from the battery.
Nonetheless, because data for the present study were already
collected before the publication of the aforementioned study, it
was decided to present all the collected physical fitness data
and explore possible associations with bone variables.
Similarly, results from the adapted shuttle run test, which is
performed to test cardiorespiratory fitness, did not predict any

of the measured bone variables. Cardiorespiratory fitness has
shown controversial results when evaluating its association
with bone variables in previous studies. Some researchers have
found positive associations between cardiorespiratory fitness
and bone variables measured with DXA in cross-sectional
studies evaluating adolescents,"** while others in longitudinal
studies found no association between cardiorespiratory fitness
and the enhancement of bone mass.” Data from long
follow-up studies suggest that only neuromotor fitness
(muscular strength and speed) is related to BMD in
adulthood.*®

Although there is no clear explanation for the controversial
results found when examining the literature regarding
cardiorespiratory fitness and bone, it is possible that if instead
of analyzing each fitness component separately, a holistic
analysis were performed, clearer results would emerge. The
cluster analysis results support this idea, as those classified
as fit who presented higher cardiorespiratory levels than
both the strong and unfit, presented enhanced bone variables.
These results are similar to those found by Duckham
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Table 4. Anthropometric and fitness differences among cluster groups

Strong (n = 37) Fit (n = 29) Unfit (n = 26)

Age, y 4.88+0.72 4.80 +0.71 4.71+0.89
Weight, kg 18.51 +2.85 18.59 + 2.63 18.73 + 2.91
Height, cm 107.27 + 6.63 107.69 +5.25 106.04 +8.19
BMI, kg/m? 16.01 £1.24 15.97 £1.27 16.55 +0.99
Tibial length, mm 228.32 + 18.60 228.52 +17.33 226.08 +22.78
Sex, males (%)/females (%) 19 (51)/18 (49) 16 (55)/13(45) 15 (58)/11 (42)
School year,? 1/2/3 6/19/12 8/11/10 9/10/7
Physical fitness

Mean handgrip, kg 7.46 +2.329° 7.19+2.42° 5.68 +2.39

Rel_handgrip, kg/weight 0.40+0.10° 0.38 +0.09” 0.30+0.10

Standing long jump, cm 87.19 + 20.02° 85.48 + 19.99” 69.65 + 19.14

Speed run time 4 x 10 m, s 16.33 +1.92° 15.36 + 1.76°° 17.98 +2.46

Standing 1 leg, s 16.00 + 12.42 15.03 + 10.40 12.48 £13.73

Laps, number of laps 16.84 + 8.09 31.31 +11.21%¢ 13.42 +7.40

BMI, body mass index; Rel_handgrip, relative handgrip.

#School year 1/2/3 indicates the number of participants in each group from preschool year 1, year 2, and year 3.

"Significant difference with the unfit group (P < 0.05).

“Tendency toward a difference between the strong and fit groups (P= 0.06).

%Significant difference between the strong and fit groups (P < 0.05).

et al,” who evaluated 7- to 9-year-old children and found that
those classified as fit presented better structural bone variables
than those classified as unfit. Summarizing, these results suggest
that although when independently assessed muscular fitness
and agility are determinants for bone mass, cardiorespiratory
fitness is also important in preschool children. The fact that no
differences were found between the strong and unfit groups for
any of the measured bone variables suggests that for preschool
children, global fitness (high levels of all fitness variables) is
more important than just high muscular strength.

Similar results have been found in children’ and adolescents,"
where physical fitness has been shown to be critical to bone
health. Additionally, previous studies have shown that
differences in physical fitness during adolescence can lead to
differences in BMD during adulthood.” This might suggest that
the differences in bone health found already at the preschool
stage could be retained through childhood and adolescence or
that those who are active at young ages are more likely to stay
active during adolescence and consequently present improved
bone mass during their entire life. Furthermore, long-term
longitudinal studies are needed to confirm this hypothesis.

It is important to note that similar to previous studies
developed in preschool children® and older children and

adolescents,” we found a high number of pQCT blurred scans.
When comparing our results with previous studies, it seems as
though the percentage of blurry/moving scans decreases with
an increase in participant age (studies with younger participants
saw a higher percentage of loss of scans [51% of scans
presented poor quality””), while in studies including older
participants, the percentage of moved scans seemed to
decrease, as Moon et al’ and Cole et al® found a 20.5% and
16% rate of moved scans, respectively, when measuring the
diaphyseal tibia in 6- to 7-year-olds. It is important to
acknowledge this loss of scans due to movement in our study
and in previous ones so that further studies aiming to evaluate
bone structure with pQCT in young children take this sample
loss into account for sample size calculations.

Strengths and Limitations

Although this study presents several strengths, such as the
measurement of tibial structure using pQCT and the assessment of
physical fitness using a validated testing battery, it is not without
limitations. First, this is a cross-sectional study, and therefore we
cannot conclude that an increase in any of the physical fitness
variables would improve bone structure or strength. Second,
physical activity and nutrition, which could affect bone variables,
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were not registered. Finally, some physical fitness tests such as the
balance test and the long jump test have shown poor reliability in
previous studies developed in similar age samples.”

CONCLUSION

Regarding the influence of fitness on bone, relative upper and
lower muscular strength and speed/agility predicted all the
measured bone variables except for vBMD. Although balance
and cardiorespiratory fitness did not directly influence any of
the measured bone variables, high cardiorespiratory fitness was
one of the main characteristics of the fit group that presented
higher bone values than the strong and unfit groups. These
results suggest that global fitness is a key determinant to bone
structure and strength but not to vBMD in preschool children.
Consequently, performing physical fitness tests could provide
useful information related to bone health in preschoolers. Bone
mass sexual dimorphism has still not emerged in 3- to 6-year-
olds. Further similar studies with preschoolers are needed to
corroborate the present results.
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