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Distribution of Calcaneal Bone Density According to the
Mechanical Strain of Exercise and Calcium Intake in Premenarcheal Girls

Eun-Eyung Shin, Ki-Sul Kim, Hee-YVoung Kim, In-Sool: Lee¥, Hyo-jee Joung, Sung-Il Cho

School of Public Health and Instituts of Health and Environment;
College of NMurging®, Secul National University

ObJlectlves : The effects of exercise on bone density
have been found to be inconsistent in previous studies. We
conducted a cross-sectional study in premenarcheal girls to
test two hypotheses to explain these inconsistencies.
Firstly, "the intensity of mechanical strain, in terms of the
ground reaction force{GRF), has more important effscts on
the bone mass at a weight-bearing site”, and secondly,
“calcium intake modifies the bone response to exercise”.

Methods : The areal bone mineral density was measured
at the Os calcis, using peripheral dual energy X-ray
absorptiomstry, in 91 premenarcheal girls aged betwesn 9
and 12 years. The intensity of mechanical strain of exercise
was assessed by a self-report questionnaire and scored by
the GRF as multiples of body weight, irrespsctive of the
frequency and duration of exercise. The energy and
calgium intake were caloulated from the 24-hour dietary
recall. &n analysis of covariance{ ANCOYA) was used to
determine the interaction and main effects of exercise and
calcium on the bone density, after adjusting for age, weight,

Key words

height and ensrgy intake.

Results : The difference in the bone density between
moderate and low impact exercise was more pronounced in
the high than low calcium intake group. The bone density
for moderate impact exercise and high calcium intake was
significantly higher than that for low impact exercise
{p=0.046) and low calcium intake, after adjusting for age,
weight, height and energy intake.

Concluglons : Our study suggests that the bone density
at a weight-bearing site is positively related to the intensity
of mechanical loading exercise, and the calcium intake may
modify the bone response to exercise at the loaded site in
premenarcheal girls.

J Prev Mfed Public Reafth 2005;38(3):201-207

: Bone density, Calcansus, Exercise, Strain,
Calgium
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Table 1. DistribLtion of bocky size measurements,
bone mineral density(BMD), daily
energy and calcum intakes, and impact
level of exercise and daily walking time

(=91}
Varlables Mean it
Ag(year) 110 0.9
Height{an) 1434 74
Weight(lg) 363 66
BMIigfm) 177 13
EMD{gfan?) 0422 0.058
Erergyilecal) 19323 4919
Calanrnimg) 653.0 Had
Vanables N "
Impadt lewel ofeseras’
Moexerass b ile
Low 36 396
Moderats 26 26
Walldng tirre(rin}
=30 il PEN
30 - 80 46 06
> B0 o x4
* Classfied by estimate d mechaned stran fomgrond
maction fore (@e toxd)
T Standard dewnation

= S E7 S Irpact level of exercise)Z 7]

i}

ﬂH?

%ﬁﬁ%%Jﬁ%~ &qﬁﬂ
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o & A4Y o) EYE 2 EHH (high
calofurr intake), 3+4] © '1'":_" Z Ade44
(low caleiurn intake) T 2.2 0] Hlwsh
Stk

YU BF B ADE PR EA
2304 o] B, 30608 o] B, 60 oL 22
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Table 2. Crude and adjusted means for bone mineral density(BMD, gfcn) by calciumintake

Cruds A djusted

Calenrnintale
Mem SE Mean SE
Low 0410 0,008 0414 0.007
High 0435 0.008 0431 0.007

* Aduged for age, bo dy weight, beight and loganithin of energy

t Standard error

Table 3. Crude and adusted means for bone mineral density(BMD, g/ar) by impact level of exercize

and daily walling time

Cde Aduged
Mean SET Mean SE
Impad lewel ofemsrast
Moesercios 0416 0ol 0417 0.009
Low 0418 0.010 0417 0.003
Moderats 01433 0ol 0433 0.010
Welking froefrrin/day)
=30 0420 0013 0424 0.010
0 - 60 0421 0.009 0419 0.007
> B0 0426 0012 0426 0.010

* Adusted for age, body weight and beight; T Standard emor
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Figure 1. Adjusted mean difference for bone mineral densty(BMD, gfm?) between impact level of
exercize n low and high calcium intake groups; (Adusted for age, body weight, height and
loganthm of energy)
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