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Musálek M, Pařízková J, Godina E,

Bondareva E, Kokštejn J, Jírovec J

and Vokounová Š (2018) Poor Skeletal

Robustness on Lower Extremities and

Weak Lean Mass Development on

Upper Arm and Calf: Normal Weight

Obesity in Middle-School-Aged

Children (9 to 12).

Front. Pediatr. 6:371.

doi: 10.3389/fped.2018.00371

Poor Skeletal Robustness on Lower
Extremities and Weak Lean Mass
Development on Upper Arm and Calf:
Normal Weight Obesity in
Middle-School-Aged Children
(9 to 12)
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Background: Normal weight obesity in children has been associated with excessive

body fat, lower bone density and decreased total lean mass. However, no studies have

been done into whether normal weight obese children differ in skeletal robustness or lean

mass development on the extremities from normal weight non-obese, overweight, and

obese peers although these are important indicators of healthy development of children.

Methods: Body height, body weight, BMI, four skinfolds, and two limb circumferences

were assessed.We calculated total body fat using Slaughter’s equations, the Frame index

for skeletal robustness andmuscle area for the upper arm and calf using Rolland-Cachera

equations. Using national references of BMI and measured skinfolds, three subgroups of

participants (9–12 years) consisting of 210 middle-school-aged children (M-age = 11.01

± 1.05)−110 girls and 100 boys—were selected: (A) overweight obese (OWOB) (n= 72);

(B) normal weight obese (NWO) (n = 69); and, (C) normal weight non-obese (NWNO) (n

= 69). All values, were converted to Z-scores to take account of participant’s sex and

age.

Results: NWO children had significantly poorer skeletal robustness on lower extremities

and poorer muscle area on the upper arm and calf compared to NWNO counterparts with

significantly higher evidence in boys–skeletal robustness NWO boys: Z-score= −0.85;

NWO girls: Z-score = −0.43; lean mass on the calf: NWO boys Z-score= −1.34; NWO

girls: Z-score = −0.85. The highest skeletal robustness—but not muscle area on the

calf—was detected in OWOB children.

Conclusions: Further research should focus on whether this poor skeletal and lean

mass development: (1) is a consequence of insufficient physical activity regimes; (2)

affects physical fitness of NWO children and could contribute to a higher prevalence

of health problems in them. We have highlighted the importance of the development of

a simple identification of NWO children to be used by pediatricians.
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INTRODUCTION

Normal weight obesity (1–4) is a state in which an
excessive amount of total body fat and a decreased lean
mass is accompanied by average/normal BMI values.

Previous research has documented that normal weight obese
(NWO) adults can have serious functional, metabolic, and
cardiovascular problems (3–7). Romero-Corral et al. (8) revealed
that the incidence of the metabolic syndrome in NWO subjects
was four times higher than in so-called normosthenic population
(normal weight, normal BMI, proportional amount of body
fat). Some studies also demonstrated that NWO people tend
to have a low-grade pro-inflammatory status (2, 8–11) and Di
Renzo et al. (4) found that normal weight obesity in adult
women population was a significant marker of sarcopenia. Some
research has also shown that normal weight obesity is present
already during childhood (12–15). Wiklund et al. (14) found in
their longitudinal study that NWO girls observed for 7 years
(from age 11 to 18) had a greater amount of body fat and a
stable lean mass/fat mass ratio (LM/FM) index from childhood
to adulthood compared to their normal weight and normal
BMI peers. Further, NWO girls displayed cardiometabolic risk
in childhood, with the risk persisting into early adulthood.
Olafsdottir et al. (12) revealed that NWO adolescents had about
six kilograms more fat and slightly lower mineral bone density
as assessed by DXA. NWO adolescents were also less physically
active (assessed by questionnaire) and performed much worse
in VO2max than their counterparts with normal weight and
normal BMI values. In the area of motor development, when
studying the population of preschoolers Musalek et al. (15) found
that NWO preschoolers had a significantly poorer degree of
fundamental motor skills (FMS), and a more than three times
higher risk of severe motor difficulties compared to their NWNO
counterparts.

However, apart from previous evidence showing that NWO
children and adolescents have a high amount of body fat along
with normal BMI and poorer motor performance, there is no
information available concerning their skeletal robustness and
lean mass development on the extremities. Yet, these parameters
are closely related to health development.

The level of general physical activity, exercise, and sport
participation—and their sufficiency (character, intensity, and
volume)—are the main factors affecting lean mass and bone
development (16–20). On the other hand, a low level of leanmass,
excessive body fat and poor skeletal development are associated
with a decreased level of physical activity (21), a low level of
muscular strength and endurance (22) and a higher prevalence
of metabolic risk (23, 24) and cardiovascular diseases in child
population (25, 26), which continue to adolescence and adult
age (14) with serious and worsening health consequences (27).
Therefore, it is very important to determine whether skeletal
development—robustness and lean mass development on the
limbs of NWO children—is significantly weaker compared to
their normal weight non-obese peers. And all the more so as
previous research in NWO children only looked at more global
measures such as the difference in total lean and fat mass or bone
mineralization.

The aim of the present study is to investigate the difference
in skeletal robustness and lean-fat ratio on the extremities
as indicators of health development that are important for:
muscular competence, physical fitness and bone health, between
NWO aged 9–12, NWNO, and OWOB peers.

METHODS, SUBJECTS

For the purpose of the present study, data fromMinistry Research
project No. MSM 0021620864 of the Charles University, Faculty
of Physical Education and Sport, were used. The data were
collected in 2015 from 10 non-specialized elementary schools
(i.e., without a specific orientation toward technical studies, the
arts, languages, or sport) from Prague, the capital city of the
Czech Republic. The data collection was carried out in all schools
at the same times, from 9:00 a.m. to 12:00 p.m., over 10 working
days in November 2015.

Altogether, 794 middle school children from 9 to 12 years of
age were investigated. It is important to say that until today there
has been no standard protocol that would provide a definition of
normal weight obese children in terms of percentage of body fat
and range of BMI. In our study we used two parameters

1) BMI

a) We used BMI percentiles from Czech national BMI
reference.

b) We used percentile cut-off points Cole et al. (28) to define
normal BMI, overweight and obesity.

2) Skinfolds
Values of the three skinfolds (over triceps, subscapular,
suprailliac) were compared with anthropometric references
for Czech children (29).

Using the resulting BMI values and measured skinfolds, three
categories of children were defined: NWO; OWOB; NWNO
children.

The criteria for each defined group of children were as follows:

1) Overweight and obese (OWOB):

a. overweight children: BMI >85th percentile along with
average values from three skinfolds >85th percentile of
Czech national reference

b. obese children: BMI >95th percentile along with average
values from three skinfolds > 95th percentile of Czech
national reference

2) Normal weight obese (NWO): BMI 25–60th percentile,
along with average values from three skinfolds >85th of
Czech national reference; the narrower range of BMI for
NWO was selected in order to avoid non-equality of BMI
between NWO and NWNO, which is what happened in
previous studies. In these studies (4, 12), both NWO and
NWNO participants could have BMI in the range of the 25–
84th percentile. However, in the end NWO individuals had
significantly higher BMI than NWNO peers. Our aim was
to select a population of NWO and NWNO that would be
indistinguishable based on BMI.
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3) Normal weight non-obese individuals (NWNO): BMI in the
range of the 25–84th percentile, along with average values
from three skinfolds within the 25–84th percentile of Czech
national reference (29).

Seven children with abnormal combinations of BMI and skinfold
thickness were excluded from the study. These individuals had
high BMI (within the range of the 85–90th percentile), along with
skinfold values within the range of the 49–58th percentile of the
national reference.

A power analysis done in GPower 3.1.3. program showed
that when One-way ANOVA (fixed effects, omnibus, one-way);
based on Erdfelder, Faul, and Buchner (30), and VanVoorhis and
Morgan (31) recommendation with an alpha of 0.05 is used for
the three groups (NWO, NWNO, OWOB), a minimum of 159
participants will be required to achieve a size effect of at least (f)
0.25 and power of 80%.

Based on the aforementioned criteria, 72 OWOB children and
69 NWO children were identified from the total studied sample
of 787 children. A group of normal weight non-obese children
originally included 646 individuals.

In this study our aim was to obtain a research sample
which would be as balanced as possible. The main reason
was that we wanted to minimize the possible effect of
the homogeneity of variance assumption for comparison of
defined groups by Analysis of Variance (ANOVA) approach
specifically in case of two-way ANOVA. According to (32,
33), both a very unbalanced sample size and heterogeneity
variances dramatically affect statistical power and Type I error
rates.

To obtain a proportional research sample (n= 69) of NWNO
children from the total sample of 646 children, a random
selection procedure from Randomizer software (www.random.
org) was carried out. The research sample finally consisted of 210
middle-school-aged children, from 9 to 11.9 years old (x = 11.3
± 1.09)

A) n = 72 Overweight and obese children (OWOB) (boys= 40;
girls= 32)

B) n = 69 Normal weight obese children (NWO) (boys = 26;
girls= 43)

C) n = 69 Normal weight non-obese children (NWNO)
(boys= 34, girls= 35)

We realize that the three groups are not fully balanced; however,
when using ANOVA, a small violation of balance does not affect
the results (31).

Along with the requirement for balanced sample we also
analyzed whether the representation of children in each defined
category with respect to sex and group did not differ significantly
(Table 1).

The procedures involved in our study were in accordance with
the ethical standards of the responsible Czech national committee
on human experimentation and with the Helsinki Declaration
of 1975, as revised in 2000. The research was approved by the
Ethics Committee of the Faculty of Physical Education and Sport,
Charles University, and the parents of all participants signed an
informed consent. The data were anonymized.

Measured Variables
Anthropometry

All anthropometric measurements were conducted according
to the “Anthropometric Standardization Reference Manual” by
Lohman et al. (34) using standardized equipment.

Weight: a medical calibrated scale TPLZ1T46CLNDBI300 was
used to assess body weight to the nearest 0.1 kg.

Height: a portable anthropometer P375 (Co. TRYSTOM, spol.
s r.o. / 1993-2015 www.trystom.cz) was used.Measurements were
taken to the nearest 0.1 cm.

Skinfolds: triceps (tric), subscapular (subsc), suprailiac
(suprail), and calf skinfolds were measured with the Harpenden
skinfold caliper, with an accuracy of 0.2mm (35). The latest
available data on the thickness of triceps, subscapular, suprailiac,
and calf skinfolds for Czech school children were used as
references (36).

Skeletal breadth measurements: humeral and femoral
epicondyle breadths were measured by the T520 thoracometer
(range 0–40 cm) (Co. TRYSTOM, spol. s r.o./1993-2015;
http://www.anthropometricinstruments.com/en/modified-
thoracometer-t-520/).

Frame indices of skeletal robustness according to Frisancho
formula (37) from humerus and femur breadth epicondyles were
calculated as follows:

a. Frame index from
upper extremity

= [( humerus epicondyle breadth in mm
body height in cm

)]∗100

b. Frame index from
lower extremity

= [( femur epicondyle breadth in mm
body height in cm

)]∗100

The body mass index was calculated as follows:

BMI =
weight in kg

(body height in meters)2

Circumferences: circumferences on the upper arm and calf were
measured by tape measure to the nearest 0.1 cm

Percentage of body fat (%BF): the amount of body fat was
calculated according to equations by Slaughter et al. (38). For
males with the sum of skinfolds <35mm the following equation
was used:

%BF = 1.21∗(tric+ subsc)− 0.008∗(tric+ subsc)2 − 1.7

For females with the sum of skinfolds <35mm the following
equation was used:

%BF = 1.33∗(tric+ subsc)− 0.013∗(tric+ subsc)2 − 2.5

For males with the sum of skinfolds higher than 35mm the
following equation was used:

%BF = 0.783∗(tric+ subsc)+ 1.6

For females with the sum of skinfolds higher than 35mm the
following equation was used:

%BF = 0.546∗(tric+ subsc)+ 9.7
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Slaughter et al. (38)
The muscle area on the upper arm and calf was calculated.
Total upper arm area (TUA)
Upper arm fat area estimate (UFE)
Upper arm muscle area (UMA)
Total calf area (TCA)
Calf fat area estimate (CFE)
Calf muscle area (CMA)

TUA =
upper arm circumference

(4∗π)
;

UFE = upper arm circumeference∗
triceps skinfold

2
UMA = TUA− UFE

TCA =
calf circumference

(4∗π)
;

CFE = calf circumference∗
calf skinfold

2
CMA = TCA− CFE

Rolland-Cachera et al. (39)
All anthropometric measurements were taken by one

professionally trained researcher from the Faculty of Physical
Education and Sport. All raw data were transformed to z-scores.
Consequently, all results are presented in z-score normalized
values to take account of participants’ sex and age.

Data Analysis
Normality tests included the Shapiro-Wilk test and the
Kolmogorov-Smirnov test. The main effects of differences
between anthropomorphic characteristics in the sub-groups
(OWOB, NWO, and NWNO) were evaluated by the one-way
analysis of variance (ANOVA) p < 0.05 with probabilities
adjusted using sequential Bonferroni corrections. In case
significant Bonferroni-corrected main effects were revealed, post-
hoc comparisons were performed using Fisher’s Partial Least
Significant Difference so that it could be determined which
between-group differences were statistically significant. Along
with statistical significance, also the effect size Hays ω

2 was
calculated with the range ω

2 ≤ 0.059 considered as small
effect; ω

2 0.059–0.138 as medium effect and ω
2≥ 0.139 as large

effect (40). If effects related to sex were revealed (by two-
way ANOVA), then separate ANOVAs were used for boys and
girls. When the normality of skinfold values was rejected, the

Kruskal Wallis non-parametric ANOVA (p < 0.05) was used
with post-hoc Kruskal-Wallis Multiple-Comparison Z-Value Test
(Dunn’s Test). Statistical procedures were carried out in the
NCSS2007 program (Version 2007; NCSS, Kaysville, UT, USA)
(41).

RESULTS

Basic Anthropometry: Height, Weight, and
BMI
The analysis revealed significant differences in basic
anthropometric variables between the defined categories of
NWNO, NWO, and OWOB children. Considering height and
weight, NWO children were significantly shorter (p < 0.01, Hays
ω
2 = 0.10) and lighter (p < 0.001, Hays ω

2 = 0.70) compared
to OWOB. No significant differences in the weight and height
status were found between NWNO and NWO children. This
finding implies that NWNO and NWO children did not differ
in their BMI, which is an important assumption for normal
weight obesity identification. The average BMI of NWO children
corresponded to the 49th percentile of Czech norms for 9–12
years-old children (29). In particular, NWO boys had the average
BMI values of the 49th percentile and NWO girls of the 49.25th
percentile of the corresponding Czech references. Significantly
higher BMI values in both sexes were found in OWOB children
(p < 0.001, Hays ω

2 = 0.76) compared to NWO and NWNO
peers (Table 2).

Body Fat
In terms of relative body fat (%), significantly greater values
were found in NWO children of both sexes (girls: p < 0.001,
Hays ω

2 = 0.65; boys: p < 0.001, Hays ω
2 = 0.62) as compared

TABLE 2 | Basic anthropometry characteristic across three assessed groups of

NWNO, NWO, and OWOB children.

Group Z-height

Mean/SD

S.E. Z-weight

Mean/SD

S.E. Z-BMI

Median†
S.E.

NWNO −0.34 ± 1.04 0.12 −0.70 ± 0.47 0.06 −0.69 0.05

NWO −0.09 ± 0.90 0.11 −0.51 ± 0.45 0.06 −0.58 0.05

OWOB 0.40 ± 0.89** 0.10 1.17 ± 0.67** 0.07 1.24** 0.07

**p < 0.001 unlike the other two groups.
†Results from non parametric Kruskal Wallis ANOVA.
SD, standard deviation; S.E., standard error; NOW, normal weight obese; NWNO, normal
weight non-obese; OWOB, overweight and obese.

TABLE 1 | Number of participants by age and sex in each of the defined groups.

9 years old 10 years old 11 years old 12 years old

Group Boys Girls Boys Girls Boys Girls Boys Girls

NWNO N = 6 N = 8 N = 9 N = 8 N = 9 N = 10 N = 10 N = 9

NWO N = 4 N = 9 N = 5 N = 12 N = 8 N = 11 N = 9 N = 11

OWOB N = 6 N = 5 N = 12 N = 7 N = 12 N = 10 N = 10 N = 10

The chi-square test in contingency table rejects significant differences in frequencies of children regarding sex and group: chi-square = 8.14; df = 14; ES = 0.17; p = 0.87.
df, degree of freedom; ES, effect size.
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to their NWNO peers Further, the post-hoc Dunn’s test for
Kruskall Wallis ANOVA also showed that NWO girls (Dunn’s
test = 3.45) had significantly less amount of body fat compared
to OWOB girls. The post-hoc analysis between NWO and
OWOB boys revealed no significant differences. The greatest
value of body fat was revealed in OWOB children (p < 0.001)
(Figure 1).

Skeletal Robustness
Further significant differences were also found in skeletal
robustness parameters. NWO children had the lowest values
of the standard Frame index [estimated on the upper limb
according to Frisancho (37)], although the difference was not
significant compared to their NWNO peers. OWOB children had
by far the highest Frame index calculated on the upper limb Hays
ω
2 = 0.62. Since skeletal robustness does not have to be always

symmetrical on the upper and the lower part of the body, we also
calculated the Frame index from the lower extremity parameter
(breadth of femur epicondyle). This type of index consequently
showed that NWO children had significantly poorer robustness
on lower limbs as compared to bothNWNOandOWOB children
(p< 0.001, Haysω

2 = 0.66). In addition, sex proved to be amajor
factor affecting robustness of the lower limbs in further analysis
[F(2, 205) = 8.09, p< 0.001]. Among NWO children, the boys had
twice poorer robustness of the lower limbs Z-score= −0.85 than
NWO girls Z-score = −0.43 as compared to their NWNO and
OWOB counterparts (p < 0.001; Hays ω

2 = 0.81) (Table 3).

Lean Mass Development on the
Extremities—Muscle Area
The results of muscle areas showed that NWO children had
significantly weaker muscle area on the upper arm as well as
on the calf compared to NWNO and OWOB counterparts (p <

0.001, upper arm Hays ω
2 = 0.48; calf Hays ω

2 = 0.59). Further,
sex proved to be a major factor. More evidence of the differences
in the muscle area on the upper arm and calf was found in boys.

FIGURE 1 | Differences in percentage of body fat estimated by Slaughter

equations.

OWOB children did not have a significantly different size of the
muscle area on the upper arm (Haysω

2
< 0.01); however, the size

of the muscle area on the calf was significantly poorer compared
to the results of NWNO peers (p < 0.001, Hays ω

2 = 0.33,
Table 4).

DISCUSSION

The aim of the present study was to investigate the differences
in skeletal robustness and muscle area on the upper arm
and calf as an indicator important for: muscular competence,
physical fitness, and bone health, which are associated with health
development of children, between NWO, NWNO, and OWOB
peers aged 9–12 years.

To begin with, we had to find a solution to the problem
that was already pointed out by Franco et al. (7), who argued
that there was no standard protocol or unified methodology that

TABLE 3 | Skeletal robustness—Frame indices from humerus and femur breadth

epicondyles and the differences between NWO, NWNO, and OWOB children with

respect to sex.

Groups Frame index upper

extremity Z-score

Frame index lower

extremity Z-score

Mean/SD S.E. Mean/SD S.E.

BOYS

NWNO boys −0.13 ± 0.99 0.16 0.07 ± 1.0 0.17

NWO boys −0.60 ± 0.89 0.18 −0.85 ± 0.61** 0.13

OWOB boys 0.48 ± 0.87** 0.14 0.47 ± 0.89 0.14

GIRLS

NWNO girls −0.29 ± 1.11 0.19 0.08 ± 0.88 0.15

NWO girls −0.33 ± 0.88 0.14 −0.43 ± 0.98* 0.15

OWOB girls 0.74 ± 0.59** 0.10 0.49 ± 0.94 0.17

*p < 0.01 unlike the other two groups within each sex category.
**p < 0.001 unlike the other two groups within each sex category.
SD, standard deviation; S.E., standard error; NWO, normal weight obese; NWNO, normal
weight non-obese; OWOB, overweight and obese.

TABLE 4 | Upper arm and calf muscle area across three assessed groups of

NWNO, NWO, and OWOB children with respect to sex.

Groups Rolland Cachera upper

arm muscle area Z-score

Rolland Cachera calf

muscle area Z-score

Mean/SD S.E. Mean/SD S.E.

BOYS

NWNO boys 0.47 ± 0.88 0.11 0.89 ± 0.54 0.10

NWO boys −1.15 ± 0.71** 0.12 −1.34 ± 0.45** 0.10

OWOB boys 0.27 ± 0.70 0.14 0.09 ± 0.61 0.09

GIRLS

NWNO girls 0.64 ± 0.51 0.12 0.86 ± 0.55 0.11

NWO girls −0.95 ± 0.64** 0.11 −0.85 ± 0.58** 0.12

OWOB girls 0.54 ± 0.82 0.11 0.20 ± 0.94 0.09

**p < 0.001 unlike the other two groups within each sex category.
SD, standard deviation; S.E., standard error; NOW, normal weight obese; NWNO, normal
weight non-obese; OWOB, overweight and obese.
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could be used to identify NWO children. Wiklund et al. (14)
used retrospective data from growth charts of relative weight
to height gain and value of body fat from DXA. In their study,
a NWO individual was defined as an individual with a relative
weight between −10% and +20% and body fat ≥30%. On the
other hand, Olafsdottir et al. (12) defined NWO adolescents as
having BMI in the range of 18.5–24.5 kg/m2 along with body
fat ≥17.6% for males and ≥31.6% for females referencing the
recommendations of Lohman et al. (42). However, these authors
did not establish any criteria for relative body fat standards in
the NWO population. In adult population, the guidelines for
identifying NWO individuals are clearer. NWO adults are those,
whose BMI is in the range of 18.5–24.5 kg/m2 and who have
body fat ≥30%. Some authors (8) even used or recommended
gender and age cut-off values (43). Nevertheless, when we
looked at previous studies, we found that according to these
guidelines NWO participants usually had a significantly higher
BMI compared to their normal weight non-obese peers (4, 13).
This finding raises the question of whether these people more
closely resemble overweight rather than normal weight obese
individuals. Therefore, our first major aim in this study was to
identify a group of NWO children whose BMI would not differ
from BMI of their NWNO counterparts but who will have a
significantly greater adipose tissue. Therefore, we defined the
range of BMI for NWO as narrower than +- 1SD, specifically
from the 25th percentile to the 60th percentile of the national
norm. Even though we defined NWNO children as having BMI
in the range from the 25th percentile to the 84th percentile of the
national norm, in the end the two groups of NWO and NWNO
children were indistinguishable from one another by their BMI.
In addition, our estimates of body fat that were made using the
Slaughter equation were in line with previous studies (2, 4, 6–
8, 14), where the amount of body fat of NWO individuals was
around 30%.

NWO children of both sexes that we had defined and selected
in the manner explained above had the lowest values of skeletal
robustness as well as muscle areas on the upper extremity and
calf compared to their NWNO and OWOB counterparts. In
other words, these children were skeletally more fragile and
suffered from weak lean mass development on the extremities.
This finding supported the suggestions (44, 45), which pointed
out that a strong correlation existed in children between bone
area and body weight, lean mass, and fat mass.

Firstly, we shall compare NWO and NWNO children. NWO
children displayed significantly weaker lean mass development
on the upper arm but did not have significantly poorer
skeletal robustness compared to NWNO peers, calculated from
humeral epicondyle breadth by Frisancho equation. This could
be explained by the function of the upper arm, which is used
mainly for manipulation rather than for transportation as is the
case of the lower extremities. Warden et al. (46) found that
the bone area in humeral diaphysis increases mainly during
throwing activities (throwing ball, throwing stone). In addition,
several studies reported that during the last few decades children’s
throwing skills have significantly deteriorated (47) regardless of
body status. Therefore, even though NWNO children have better
developed lean mass, they probably have comparable throwing

skills to their NWO counterparts. On the other hand, NWO
children had significantly weaker skeletal robustness calculated
as the Frame index from femur breadth epicondyle compared to
their NWNO peers. The difference between NWO and NWNO
children in weak lean mass development on the calf was even
more pronounced. This might suggest that NWO children have
little physical activity, in particular transportation activities like
walking or running (48). The assumption that physical activity
as one of the major drivers of bone area development would
support the “mechanostat” hypothesis developed by Frost (49–
52) or the results from the Iowa Bone study (17, 18), who
proposed that sufficient physical workload and number of muscle
contractions are in close relation to bone mass and bone area
development. In addition, Slemenda et al. (53) pointed out
that increases in calf muscle area are strongly related to bone
development and that physical activity is associated with more
rapid bone development in prepubertal children. Our results
could also provide support for the finding that skeletal robustness
in different children populations has been decreasing (21, 54, 55)
and the alarming suggestion that the number of NWO children
in the population has been rising in the last 20 years. Moreover,
when we consider sex as a factor, the skeletal robustness in
the lower extremities as well as lean mass development on the
calf in NWO boys has declined by an even more significant
degree compared to their NWNO counterparts. It could be
explained by the fact that boys displayed a greater level and
wider range of physical activity, especially vigorous physical
activity and also in sport participation (56), compared to girls
(57, 58). In other words, we can expect bigger differences
in the amount of produced physical activity in boys than in
girls. If we accepted the finding of Slemenda et al. (53) about
relation between calf muscle area, physical activity and bone
development, and also Olafsdottir et al. (12), who revealed that
NWO adolescents were less physically active, we could assume
that from a long-term perspective the more pronounced weak
skeletal robustness in NWO boys could by caused primarily by
low physical activity of NWO children. Secondly we compared
the results of skeletal robustness and lean mass development of
NWO and OWOB children, a typical pattern emerged. OWOB
children had significantly greater skeletal robustness estimated
both from humeral and femoral epicondyle breadths. A number
of previous studies showed that overweight and obese children
have greater values of bone development, which is caused mainly
by weight (volume of lean mass), height, and biological age (53,
59, 60). Further, OWOB children had significantly higher amount
of lean mass on the upper arm and calf in comparison to NWO
peers. However, it is interesting to note that OWOB children
had significantly smaller amount of lean mass on the calf and
only non-significantly higher Frame index calculated from femur
epicondyle compared to NWNO counterparts. This would also
indicate a low volume of transportation activities like walking
or running in these children, which has been well-documented
(53, 61, 62). Based on our finding we believe that it would be
appropriate to measure under field testing condition also the
skeletal robustness from femur epicondyle breadth, which seems
to be more sensitive/discriminative compared to the Frame index
calculated from humerus epicondyle breadth.
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CONCLUSION

NWO children (boys and girls) had significantly poorer skeletal
robustness on the lower extremities and poorer muscle area on
the upper arm and calf as compared to NWNO counterparts.
Further, a significantly higher prevalence of poor skeletal
robustness as well as poor lean mass development on the
lower extremities was found in boys. The highest skeletal
robustness—but not muscle area on the lower extremities—was
detected in OWOB children. Further research should focus on
whether this poor skeletal and lean mass development: (1) is a
consequence of insufficient physical activity regimes; (2) affects
physical fitness of NWO children and could thus contribute
to a higher prevalence of health problems in NWO children.
We have highlighted the importance of the development of a
simple identification of NWO children that could be used by
pediatricians.
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