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INTRODUCTION

Osteoporosis is a skeletal disease characterized
by low bone density, resulting in an increased
risk for bone fracture. This disease is a major
public health problem worldwide [1-3]. Although
there are effective treatments for primary
prevention, mostly based on lifestyle changes,
remains an essential goal to prevent both
osteoporosis and its most serious consequence,
namely, bone fractures. Lifestyle changes include
keeping an appropriate nutritional intake, low
alcohol intake, maintaining adequate calcium,
and vitamin D consumption, and, last but not
least, increasing physical activity [4,5].

In postmenopausal women, regular physical
activity is useful for improving muscle strength
and preventing falls, which is important because
most fragility fractures are related to falls [6].
Regularly performing  weight-bearing and
resistance exercises is a major lifestyle measure
for osteoporosis prevention [7]. Although the
importance of physical activity is clearly
emphasized by most guidelines, some of these
fail to address what its desirable frequency and
duration are [8]. The International Osteoporosis
Foundation gives several examples of exercise
schedules, one of which is “45 to 60 minutes
of weight-bearing aerobic exercise three days
per week (i.e., brisk walking)” [6].

Achieving an optimal peak bone mass
(PBM), which is the highest potential bone
mineral density (BMD) achieved during young
adult life, is critical strategy for preventing
osteoporosis [9]. Peak bone mass is attained
through skeletal maturation and thus occurs in
the third decade of life [10]. In general, before
the age 20, the bone mass accrual is mostly
marked between 11 and 14 years of age in
girls. If an individual does not reach optimal

PBM, they are at greater risk for osteoporosis
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related bone fracture during both young and
elderly life period. However, the previous study
shows that a 3-5% increase in bone mass
retained through adulthood may decrease future
bone fracture risk by 20-30% [11]. Because
lifestyle factors such as diet and weight-bearing
exercise have been shown to affect BMD by
up to 409, it is important to examine various
exercise types to determine effective methods
of attaining optimal PBM [12]. healthy diet,
mechanical loading, including performing resistance
training, have shown to be effective at increasing
BMD in young adults and thereby lowering
risk of osteoporosis [13]. However, it is not
yvet clear whether physical activity addressed
by daily steps may be associated with bone
health,
Although physical activity may increase peak

particularly in female adolescents.
bone mass in children and adolescents [14],
the role of physical activity in adolescent girls
has been less explored [15].

Thus, it is necessary to determine the
effectiveness of physical activity in adolescent
girls. To address this area of uncertainty, the
present study compared bone mineral density
(BMD) in female adolescents with three levels

of physical activity.

MATERIALS AND METHODS

1. Research Subjects
observational study
included 65 adolescent female students divided

in three groups, namely, low activity student

This cross—sectional,

(under 4,800 steps per day, n=22), moderate
activity student between over 4,800 and under
6,300 steps per day (n=21), and high activity
student (over 63,000 steps per day, n=22) after
the physical

pedometer for 1 week and then determined the

activity was  assessed by

daily steps [16]. The dominant hand and leg
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were determined by questionnaire. All subjects
were female middle school students and also
lived in rural area of Gyungsangbuk-do province.

The study was planned and conducted in
compliance with the KyungPook National
University (KNU) ethic committee. The purpose
of the study was explained both orally and
through a written document to each student,
who then signed an informed consent if she

agreed to participate.

2. Data collection for height, weight, physical

activity and 1,200m running time

We used student physical examination data
for height, weight of subjects. Physical activity
was measured using the pedometer. We
measured number of steps per day of subjects
putting on the pedometer during a week and
calculated average number of steps per day.
Subjects runned 1,200m and running time was

measured by stop—watch.

3. Assessment of Bone Mass

We conducted the health examinations for
this study in the autumn of 2012. The forearm
BMD in both dominant and non-dominant
hands determined by questionnaire, lumbar
spine and femur BMD were measured using
dual-energy X-ray absorptiometry (Hologic,
Bedford, MA, USA). Measurement precision,

which is expressed as the coefficient of

Table 1. Characteristics of the Subjects

variation (CV), of the BMD measurements was
1.26% for the ulna, 1.73% for the radius, 0.89%

for the lumbar spine and 1.97% for the femur.

4, Statistical Analysis

Data are expressed as mean =+ SD.
Two-way analysis of variance (ANOVA) was
used to test the mean difference among
groups. The paired t-test was used to test the
mean difference between the dominant and
non-dominant hands and legs. The p-values
less than 005 were considered to be

statistically significant.

RESULTS

1. Characteristics of participating subjects

All subjects were female middle school
students. Age, height, weight were not
significantly different among high, moderate
and low physical activity groups. Daily activity
(steps per day) of high, moderate and low
physical activity group was 8,092, 5782 and
3,382 steps, respectively. The time (seconds)
for 1,200 m running of high, moderate and low
physical activity group was 394, 409 and 451
seconds, respectively. Daily activity (steps per
day) and 1,200m running time (seconds) were
significantly  different among PA  groups
(p<0.01) (Table 1).

Characteristics High PA Moderate PA Low PA P-value
Number 22 21 22
Age (month) 1639 + 12.7 1634 + 12.7 166.1 + 12.8 0.79%
Height (cm) 1595 £ 59 1565 + 4.0 1564 + 65 0.132
Weight (kg) 533 + 62 50.8 + 5.0 509 + 59 0.284
Daily Activity (step) 8092 + 1702 5782 + 398 3382 + 1072 <0.001
1,200m running (s) 394 + 45 409 + 47 451 £ 58 <0.001

Data are means * SD.
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2. BMD in the lumbar spine

BMDs 1.050+0.120  g/cm’,
1.048+0.109 g/cm® 1.04540.114 g/cm” in high
PA, moderate PA, low PA, respectively. All

BMD values of the lumbar spine were not

of L1 were

significantly different among high, moderate

and low physical activity groups (Table 2).

3. BMD in the femur

BMD values of neck, wards, and torch area
in femur were not significantly different among
high, moderate and low physical activity groups.
Also the BMD values of neck, wards, and torch
area between the dominant and non-dominant
leg were not significantly different among the
high, moderate and low physical activity

groups, respectively (Table 3).

4. BMD in the forearm
BMD values in the ulna, radius and total of
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forearm were not significantly different among
high, moderate and low physical activity groups.
In the comparison between dominant hand and
non—-dominant hand, the BMD values of the
ulna (0542 + 0.084 vs. 0535 + 0.082 g/en’), radius
0592 + 0074 vs. 0590 + 0.075 g/cm® and
total (0571 + 0076 vs. 0567 + 0.077 g/cm’)
in the high physical activity group were not
statistically different but those of the ulna,
radius, and both total (total of the forearm) in
the moderate (0.547 + 0.053 vs. 0529 + 0.058
g/emt’, p<0.05; 0.603 £ 0.050 vs. 0585 + 0.057
g/em’, p<0.05; 0579 + 0.049 vs. 0562 + 0.056
g/cm’, p<0.05, respectively) were statistically

H+

I+
I+

different between the non-dominant hand and
the dominant hand and the BMD values of the
both total (total of the forearm) in low physical
activity group (0.561 £ 0.049 vs. 0.549 + 0.050
g/cm2, p<0.05) was statistically different between
the non-dominant hand and the dominant hand
(Table 4).

Table 2. BMD of the lumbar spines (L1, L2, L3, L4)

Lumbar spine High PA Moderate PA Low PA P-value
L1 (g/cm’) 1.050 + 0.120 1.048 + 0.109 1.045 + 0.114 0.990
L2 (g/cm’) 1.104 + 0124 1.098 £ 0.115 1.087 + 0.118 0.890
L3 (g/cmd) 1.158 + 0.131 1136 £ 0.121 1.128 + 0.123 0.711
14 (g/emd) 1.118 + 0.124 1.099 + 0.113 1.085 + 0.125 0.652
Data are means + SD. Lumbar 1, L1; Lumbar 2, L2; Lumbar 3, L3; Lumbar 4, L4.
Table 3. BMD of the femur neck, wards, troch
Femur High PA Moderate PA Low PA P-value”
DFN (g/cm’) 0963 + 0.125 0923 + 0.115 0.925 £ 0.100 0.440
Neck NEN (g/cm”) 0956 + 0.114 0917 £ 0.120 0931 £ 0.105 0.532
P-value' 0.431 0.522 0.451
DFW (g/cm’) 0.883 + 0.151 0.869 = 0.160 0.870 £ 0.136 0.940
Wards NFW (g/cm’) 0834 + 0.145 0.863 + 0.152 0.874 + 0.149 0.903
P-value' 0.952 0.649 0.692
DFT (g/cm’) 0.773 £ 0.113 0.757 + 0.095 0.750 + 0.107 0.757
Troch NFT (g/cn’) 0.765 = 0.107 0.762 + 0.102 0.757 £ 0.118 0.972
P-value' 0.225 0.664 0.467

Data are means + SD. Dominant femur neck, DFN; Dominant femur wards, DFW; Dominant femur troch,
DFT; Non-dominant femur neck, NFN; Non-dominant femur wards, NFW; Non-dominant femur troch, NFT.
* Comparison among high, moderate, and low physical activity group by ANOVA

*  Comparison between dominant and non-dominant by paired t-test
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Table 4. BMD of the forearm(ulna, radius)

Forearm High PA Moderate PA Low PA P-value”

DU (g/cm’) 0542 + 0084 0547 + 0053 0524 + 0.048 0.483
Ulna NU (g/em’) 0535 + 0082 0529 + 0058 0512 + 0051 0.484

P-value' 0.190 0.028 0.166

DR (g/cm’) 0592 + 0074 0603 + 0050  0.5% + 0.054 0.661
Radius NR (g/cm’) 0500 + 0075 058 * 0057 0579 + 0.053 0.859

P-value' 0.700 0.033 0.133

DT (g/cm’) 0571 + 0076 0579 + 0049 0561 + 0.049 0.607
Both total NT (g/em?) 0567 + 0077 0562 = 0056 0549 + 0.050 0.630

P-value' 0.3% 0.020 0.035

Data are means = SD. Dominant ulna, DU; Dominant radius, DR; Dominant both total, DT; Non—-dominant
ulna, NU; Non-dominant radius, NR; Non-dominant both total, NT.

* Comparison among high, moderate, and low physical activity group by ANOVA

*  Comparison between dominant and non-dominant by paired t-test

DISCUSSION

There was no significant difference in age,
height, weight, or BMI among the three groups,
while their physical activity level was significantly
different. As the markers of cardiovascular
fitness, the records of 1,200m running were
significantly different among all three groups
[17]. Thus, we verified the differences of physical
activity level and cardiovascular fitness among
three groups.

We observed that BMD in lumbar and femur
regions were not significantly different among
three groups. However, BMD values of ulna,
radius and total of the forearm in high
(H-PA)

significantly different between dominant and

physical activity group were not
non-dominant hands, but those in moderate
physical activity (M-PA) and total of the forearm
in low physical activity (L-PA) groups were
While
reported significant influence of physical activity

significantly different. some studies
on BMD of lumbar and femur regions in
adolescents [18,19], other studies have shown a
no significant effect of physical activity on

BMD at the lumbar spine, femoral neck, and

forearm [20,21]. VandenBergh [22] studied the
relationship between physical activity, calcium
intake, and bone mineral content (BMC) in
children aged 7 - 11 years. They found increased
BMC only in those with very high levels of
physical activity, and the association was most
pronounced in the more mature children. In
this study, we did not observe that there were
no significant different among three groups.
The reason that we did not observe the effect
of physical activity in BMD of female
adolescents in lumbar and femur regions might
be due to the subject characteristics in this
investigation. In general, the subjects whose
BMD were significantly increased due to
physical activity were mostly participated in
somewhat high intensive sport programs
compared to walking in this study [23,24].
Related to our above finding in which there
was no significant different among three physical
activity levels in the BMD of lumbar and
femur regions, it has been suggested that the
effects of physical activity and exercise may vary
considerably depending on the developmental
stage, or the Tanner stage, of the individual,

but clear-cut data and evidence have not been
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presented [22,25,26]. Despite this, it is interesting
to review the findings and conclusions of these
studies. Slemenda and Johnston [26] observed
that in young female figure skaters the areal
bone mineral densities (BMD) in the lower
parts of the body were higher than in controls,
but the difference was not evident until the
midteens, despite the fact that all the girls had
started training very early in life. In the
current study, the differences of activity level
among groups are relatively small in comparison
with the previous studies and the physical
condition of subjects is also still prior to
midteens. In fact, limitations of this study include
those inherent to cross—sectional comparison, a
relatively small sample size, and the fact that
physical activity was measured through the
pedometer. Thus, we suggest that the further
study is needed for the effects of relatively
low intensity physical activity with the large
sample size and long-term follow up research.

In the previous studies of tennis players,
where the playing arm is compared with the
non—-dominant counterpart, the side—to—side
differences have been up to 40% in favor of
the playing arm, which quite indisputably
proves the positive effect of physical loading
on bone [27]. With adult female squash and
tennis players the percentage side-to-side
difference in bone mineral content between the
dominant and non-dominant arms was about
two times greater if females had started playing
at or before menarche rather than after it [2829].
Until now, the most of study were focused on
BMD of elite players in side-to-side effects,
but a few investigations have been performed
for normal people [30,31]. In this study, we
observed that the non—-dominant hand BMD of
moderate and low physical activity groups

were significantly lower than those in dominant
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hand, but did not in high activity group. In fact,
it has never been reported that the difference
of BMD in dominant and non-dominant hands
was significant different in general sedentary
female adolescents. Because the limited
information was provided from the current
study, we could not explain the difference of
forearm BMD due to the levels of physical
activity. In fact, limitations of the current
study include those inherent to a relatively
small sample size, and the fact that physical
activity was measured through the pedometer.
Thus, we suggest that the further study is
needed for the effects of physical activity
levels with the Ilarge sample size and
long-term follow up research.

In summary, there was no significant
difference in lumbar spine, femur and forearm
BMD among the three groups. However, the
forearm BMD in M-PA and L-PA groups were
significantly different between the dominant
hand and non—-dominant hand. Walking, a form
of weight-bearing exercise, strongly recommended
to improve bone health and prevent osteopenia
in adolescents. Thus, we could suggest that
the high-level daily walking could enhance the
BMD of non-dominant hand even though
anatomically speaking, the forearm bone is not

a gravitational burden—bearing bone.

SUMMARY

There were no significant differences in
lumbar spine, femur and forearm BMD values
among the three groups. However, the forearm
BMD in the moderate activity group and low
activity group groups were significantly different
when the dominant hand and non-dominant
hand were compared (p<0.05). In addition,
walking, a form of weight-bearing exercise, is

strongly recommended to improve bone health
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and prevent osteopenia in adolescents. Therefore
we conclude that high amounts of daily walking
could enhance the non-dominant hand BMD
even though anatomically, the forearm bone is

not a gravitational burden-bearing bone.
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