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Calcaneus quantitative ultrasound and Body Composition
in Preschool Children: Physical Activity Consideration
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SUMMARY: The aim of this research was to determine the difference in Calcaneus quantitative ultrasound (QUS) and body
composition according to physical activity in preschool children. We recruited 296 healthy children (112 girls and 18dnbaljfgifent
kindergartens in Vojvodina, Serbia. Children were evaluated for body composition. Quantitative ultrasound (QUS) measuitieertezes of
were performed using the Speed of sound, Broadband Ultrasound Attenuation, Quantitative Ultrasound Index and Estimatedabone min
density for further analysis. Furthermore, children were divided into three groups according to physical activity. Aplaet difierences
in Body fat % and body mass, there were no significant group differences for BMI, waist circumference and abdominal skirf)d (p
The ANOVA showed significant differences (p<0.05) in all QUS measurements between three different intensities of physic@hactiv
results show that Body Mass and Body fat % were important predictors that discriminate children according to physicislcetvigy,
the results show that beside BMI and Body fat %, all calcaneus QUS measurements showed differences according to physioal activi
conclusion, our study showed differenses in all calcaneus QUS measurements according to physical activity level.
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INTRODUCTION

Physical activity (PA) is very important for childrenregular participation in sports and mineral density of bones
for healthy living, and inactivity has been identified as & childhood (Slemendat al, 1991; Schonaét al, 1993;
significant predictor for overweight and obesity duringRuizet al, 1995). Recently, Harvest al (2012) have shown
childhood (Cantekt al, 2012). Research on PAin preschoolthat the levels of the typical daily physical activity are
aged is children difficult due to the fact that there are ngositively correlated with bone density in four-year-old
evidence-based guidelines (Katzmarzyk & Ardern, 2004¢hildren. Beside the fact that physically active children have
There are also contradictory statements concerning theeater bone mass or density than sedentary children
amount of PA in preschool children. The Nationa{Heinonenet al, 1993; Heinoneet al, 1995; Limaet al,
Association for Sport and Physical Education (NASPE) h@901), the researchers have tried to connect aerobic activities
released PA guidelines for young children that recommendth bone mass, but the results are inconsistent. Lagbes
at least 120 min of PA per day, with half the time spent ial. (2008) recruited male athletes from different sports and
structured settings and the other half in unstructured settirfgsnd that football is a significant determinant of speed of
(Cantellet al). However, aforementioned authors foundound independent of age, height, weight and BMI. Troiano
other recommendations with at least 60 min of moderatet al (1995), reported that the prevalence of overweight is
to-vigorous intensity PA daily. increasing among boys and girls of all age groups and

suggested increasing physical activity as a means to address

Moderate to high intensive physical activity,this important health problem.
including jumping and resistance training, can help with the
bones health maintenance in mature years (Kethéil, Physical activity during pubertal growth stimulates
2004). Significant positive links have been reported betweoth bone and skeletal muscle hypertrophy to a greater
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degree than observed with normal growth in non-physicallpust be engage in at least 120 min of PA per day, with half the
acive children (Vicente-Rodriguez, 2006). However, there isme spent in structured settings and the other half in
an increased sedentarism in children, especially in girls (Goranstructured settings.
et al, 1999), which is an important issue concerning the
association of PA and bone density. Therefore, it is of greBbne density.Quantitative ultrasound (QUS) measurements
importance to know how PA affects bone development arud the heel were performed using “Sahara” sonometer
accordingly what type of activity is best suitable for children(*Hologic,” Bedford, MA). We used the calcaneus bone for
Thus, the aim of this research was to determine the differe@&/S assessment because it contains a large percentage of
in Calcaneus QUS and body composition according to physi¢edbecular bone, which has a high metabolic turnover rate
activity in preschool children. (Toyraset al, 2002). The primary parameters measured with
ultrasound were BUA and speed of sound (SOS). BUA (dB/
MHz) is the attenuation of sound waves as they pass from the
MATERIAL AND METHOD transmitting transducer to the receiving transducer. SOS (m/
sec) is the speed the ultrasound signal travels from one
transducer to the other. Normal bone has a higher attenuation
Subjects.We recruited 296 healthy children (112 girls and 184BUA) and speed of sound (SOS) than osteoporotic bone. These
boys) from different kindergartens in Vojvodina, Serbiatwo parameters can be combined to form a new parameter, the
Descriptive characteristics of participants are presented in Tablgantitative ultrasound index (QUI) referred as ultrasound
1. Parents were informed about the assessment from the schatiffiness. QUI was calculated automatically using the equation
physician. All individuals and their parents gave their consetUI = 0.41 x (BUA + SOS) - 571,” without a unit of
to participate in the study before investigation. The inclusiomeasurement (Frost al, 2000; Kwoket al, 2012). The Est.
criteria for participation in the study were as follows: noBMD (g/cm2) was calculated using the following equation
suffering from chronic diseases or taking medication on a r€EBMD = 0.002592x (BUA+ SOS)- 3.687” (Frost al). All
gular basis, not having a history of diseases that could affeaeasurements were performed by the same investigator
bone, and not having immobilized any part of the body durirtroughout the study. The EBMD was not a direct measurement
6 months before the evaluation. Eight children did not agreeadthe heel BMD. However, EBMD has proven to be a useful
take part in the study. The study was conducted accordinggarameter for the assessment of calcaneal BMD in previous
the guidelines laid down in the Declaration of Helsinki and aitudies (Frostt al). To examine short-term precision in vivo,
procedures involving human subjects were approved by the children had two repositioned measurements. The coefficient
ethical committee of each survey centre. of variation percent (CV%) was 3.1, 1.6, 3.6 and 4.4 % for
BUA, SOS, QUI and estimated BMD, respectively.
Testing procedures.Medical history from all children was
obtained from their school physician. Height was measur&tatistical analysis.Data analysis was performed using the
on a portable stadiometer, to the nearest 0.5 cm. Bo&yatistical Package for the Social Sciences (v13.0, SPSS Inc.,
composition was determined by a body-fat analyzer (BF 906hicago, IL, USA). Statistical significance was set at p < 0.05.
Maltron, UK). Body mass index (BMI) was calculated througfThe mean and standard deviations were calculated for the
the following formula: body weight (kg) height2 (m). Weight subject characteristics, body composition and QUS
circumferences was measured to the nearest 0.1 cm at the levehsurements. The subject characteristics of the groups were
of the iliac crest while the subject was at minimal respiratiomompared with one-way analysis of variance (ANOVA). When
Abdominal skinfold thickness was measured with a skinfolthe ANOVA indicated a significant difference (p < 0.05),
caliper. Tukey's range method was used as the post-hoc test.

For PA habits, each parent was asked how often their
child participated in general PA (e.g., going for walks, playinRESULTS
outdoors, skating), and how often they participate in organized
PA (e.g., swim class, gym class). Participating children were
asked how many times per week they "played or exercised Descriptive statistics for the different physical activities
enough to make them sweat or breathe hard." These activittgparticipants are shown in Table I. Apart from the expected
did not exclude school-related involvements such as physichifferences in Body fat% and body mass, there were no
education. We consider low PA when children could ndadignificant group differences for BMI, waist circumference
accumulate at least 60 min of moderate-to-vigorous PA dailgnd abdominal skinfold (p>0.05). Moreover, children with
Moderate PA involves 60 min of moderate-to-vigorousl@y, low PA were significantly taller than high vigorous, as well
while high PA includes recommendation in which childreras moderate PA children.
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Table I. Body composition in three different levels of PA.

Moderate PA High PA Low PA
(n=137) (n=112) (n=47) P

Height 115.26+7.76** 120.34+8.54* 125.92+49.34* 0.001%
Weight 21.50+4.49%* 23.85+5.16* 26.78+6.22* 0.0017
BMI 16.02+1.75 16.30+1.88 16.71£2.37 0.108
BFAT 19.02+3.07** 18.9243.73 20.03+3.38* 0.0337
Waist circumference 56.57+6.42 56.8445.75 57.34+7.31 0.70
Abdominal skinfold 6.82+3.37 6.9343.88 7.4413 97 0.40
tSignificant difference between groups (p<0.05); *Significantly different from low PA; **Significantly different

from low PA;

Table Il. QUS measurement in three different levels of PA.

Moderate PA High PA Low PA
(n=116) (n=103) (n=47) P
EBMD 0.54+.094* 0.52+.073 0.49+.071 .007%
QUI 97.63+14.89* 94.56+12.08 89.92+11.75 004+
BUA 59.37+18.41% 57.73+15.33 52.24+12.74 0447
NN 1571.27423.35*% 1566.15+17.72 1560.58421.71 0127

TSignificant difference between groups (p<0.05); *Significantly different from low PA; SOS-
Speed of sound; BUA- Broadband Ultrasound Attenuation; QUI- Quantitative Ultrasound Index;
EBMD- estimated bone mineral density.

Group comparisons with respect to the Calcaneus QUS ~ Regarding body composition, in the present study we
measurement and according to physical activity are shownf@und that calcaneus QUS variables were significantly
Table Il. The ANOVA showed significant differences (p<0.05ylifferent according to physical activity. Children with low
between three different intensities of PA. Post hoc test revealdl are significantly heavier than other groups, with higher
significant differences between vigorous and low PA in alody fat %. Interestingly, there were no differences in BMI
measured variables. between groups. Data from the previous studies suggest that

high levels of PA in children and young adults could be an
effective preventive strategy to reduce the risk of
DISCUSSION osteoporosis in later life.

Cvijeticet al (2003) and Raucét al (2004) and more

Bone health in children recently became very importariecently Gracia-Marcet al (2012) using the linear regression
medical care that leads to an increased interest in borfegnd that only Lean Mass contributed significantly to the
densitometry. Accordingly, the present study involved ®ariance in BUA values. The aforementioned authors explain
population of healthy preschool children and provides nov#iese results with mechanostat theory, which predicts that the
data about bone density as indicated by QUS measuremeiitsrease in muscle mass during development creates the
The results show that Body Mass and Body fat% wemiimulus for the increase in bone mass.
important predictors that discriminate children according to
physical activity. Moreover, the results show that beside BMI Calcaneus QUS measurement is important research
and Body fat%, all calcaneus QUS measurements showi@@! for detecting low bone mass in pediatric population
differences according to physicadtivity level. (Specker & Schoenau, 2005). The results from our study
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