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Abstract. This study evaluates the effect on the skeleton
of physical activity from age 9 to 16. In 42 girls and 44
boys, bone mass and bone size were evaluated longitu-
dinally by dual-energy X-ray absorptiometry (DXA)
from ages 13 to 16. Physical activity from ages 9 to 13
was cross-sectionally evaluated at baseline (age 13).
Girls with high physical activity from ages 9 to 13 at
baseline had higher femoral neck bone mineral content
(FN BMC; g) (P = 0.07), hlgher FN areal bone mineral
density (FN aBMD; g/cm ), and higher FN volumetric
BMD (FN vBMD; g/cm ) (both P < 0.05) compared
with girls of low actmty FN width (cm) and head
aBMD (an unloaded region) showed no differences
when comparing the two groups. Three years of further
high and low activity (from ages 13 to 16) did not yield
any increased differences between the two groups. Boys
with high physical activity from ages 9 to 13, had at
baseline higher FN BMC, FN aBMD, and FN width
(all P < 0.05) compared with boys with low activity.
FN vBMD and head aBMD showed no differences
when comparing the two groups. Three years of further
high and low activity did not yield any increased dif-
ferences between the two groups. We conclude that ex-
ercise may yield skeletal benefits before age 13, and that
3 years of continued high or low level activity up to age
16 did not yield any increased differences in bone size or
bone mass in either girls or boys.

Key words: Adolescents — Bone mineral density —
Growth — Longitudinal — Physical activity

Increased peak bone mass and bone size could possibly
reduce the prevalence of osteoporosis in old age. As
peak bone mass is determined by both genetic and en-
vironmental factors [1-5], an increased level of physical
activity could possibly increase peak bone mass and
bone size. Data support this, indicating the skeleton to
be most adaptable to physical activity before the com-
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pletion of growth [6-8]. Higher bone mass has previ-
ously been reported in a cohort of 16-year-olds from a
rural population compared with an urban cohort, more
pronounced in boys than in girls, probably due to a
more physically active lifestyle in the rural community
[2]. Morris et al. [9] reported a positive skeletal effect
after an 8-month training program in premenarcheal
girls, and Bradney et al. [3] demonstrated an increased
bone mass in prepubertal boys after an §-month exercise
program compared with controls. McKay et al. [10]
found an increased bone mass in the trochanter region
in prepubertal girls and boys after an 8-month training
program compared with controls, whereas Blimkie et al.
[11] and Witzke and Snow [12] reported no beneficial
effects on the skeleton of exercise in pubertal girls after a
6- and 9-month training program, respectively. The
studies cited evaluated mainly impact-loaded activity in
volunteers. Whether an intervention program would
result in a positive skeletal effect, including all children
of school age (also less-motivated children), is unclear,
even if McKay et al. [10] suggest this in their report of
beneficial effects on the skeleton when a moderate ex-
ercise program in school physical education was imple-
mented. Furthermore, the studies cited evaluated the
intervention over a period of less than 1 year, and
therefore, the question as to whether the results remain
if the studies are extended over several years is unan-
swered.

The purpose of this combined cross-sectional and
longitudinal study was to evaluate the effect of physical
activity on bone mass accrual and bone size develop-
ment during the pre- and peripubertal years. We hy-
pothesized that a higher level of physical activity from
ages 9 to 13 increases the bone modeling compared with
a more sedentary lifestyle, and that additional high ac-
tivity from ages 13 to 16 would further increase these
differences. We posed the following questions: (1)
whether from ages 9 to 13 more physically active chil-
dren develop a higher bone mass and/or larger bone size
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at age 13 than less active children, (2) whether continued
high physical activity from ages 13 to 16 yields increased
differences in bone mass and/or bone size.

Materials and Methods

All 13-year-old children, (45 girls, 48 boys) from a rural village
in southern Sweden (S6sdala, population 2900), were invited
to participate in this combined cross-sectional and longitudinal
study. Bone mass and bone size were evaluated annually from
ages 13 to 16. Seven of these children moved during the study
period, leaving 86 children (44 boys and 42 girls) in the final
database. Four measurements were performed, at which the
attendance rate was 90-100%. All children underwent at least
two consecutive measurements. For the calculations we in-
cluded only individuals who had remained within the same
activity group from ages 9 to 16 in the longitudinal analysis,
namely, 36 girls and 36 boys.

Bone mass and bone size were evaluated by dual-energy
X-ray absorptiometry (DXA) (Lunar DPX-L version 1.3z,
Lunar, Madison, WI). Bone mineral content (BMC, g) and
areal bone mineral density (aBMD, g/cm?) were assessed for
the total body (TB), the spine, and the femoral neck (FN),
representing weight-loaded skeletal regions, and the head,
representing an unloaded region. FN bone size (width, cm) and
FN volumetric bone mineral density (vBMD, g/cm®) were
derived from the hip scan b}é the formula vBMD = BMC/
estimated FN volume (7 X = X FN length) where » = FN
mid-diameter/2, assuming the FN to be cylindrical [13-15].
Total fat mass (kg) and total lean mass (kg) were derived from
the total body scan. The precision evaluated by double mea-
surements in 14 healthy individuals was for aBMD TB 0.4%,
FN 1.6%, head 1.7%. The precision for FN volume was 1.7%
and for FN vBMD 1.5%, for total fat mass 4.1% and total lean
mass 0.6%. The long-term precision was 0.6% over the study
period, evaluated by scanning a Hologic spine phantom. BMC
and aBMD of the nondominant forearm were determined
using single-energy X-ray absorptiometry (SXA) (Osteometer
DTX-100, Osteometer, Denmark) in the distal radius (DR)
and ulna where the distance between radius and ulna is § mm
(cortical bone) and in the ultradistal radius (UDR) adjacent to
the radiocarpal joint (trabecular bone). Bone mass in the cal-
caneus was evaluated by quantitative ultrasound (QUS) (Lu-
nar Achilles+, Lunar, Madison, WI). This method is
supposed to evaluate not only bone mass but also the quality
of the skeleton and the skeletal architecture [16—19]. The mean
value of broadband attenuation (BUA, dB/MHz), speed of
sound (SOS, m/s) and Stiffness Index (SI) = (0.67 X -
BUA) + (0.28 x SOS) — 420) of the two heels are presented.
The precision for BUA was 2.2%, for SOS 0.3%, and for
ST 2.6%.

Height was measured by a standard height meter, and
weight with a non-electrical scale. Segmental lengths (spine,
arm, and leg) were measured with a ruler on the total body
scan. The spine was measured from the chin to the last lumbar
vertebra, the arm from the superior border of the humeral
head to the wrist joint, and the leg from the superior border of
the femoral head to the inferior border of the lateral malleolus.
Pubertal stage was determined according to Tanner and as-
sessed by self-grading, using photographs showing the different
Tanner stages [20].

A questionnaire, evaluated in several other studies, regis-
tered lifestyle factors with special attention to physical activity
[2, 8, 21, 22]. Dietary intake of calcium was not assessed since
nutritional deficits are not a general problem in Sweden [23].
Socioeconomic and ethnic background as well as medical
history, alcohol intake, smoking, and exercise were recorded.
Based on a series of statements, corresponding to their own
level of out-of-school activity, a score was created which took
into account the seasonal variations in activity. In addition,
hours per week spent in physical activity, type and duration of
activity were recorded.

To evaluate the reliability of the physical activity reported in
the questionnaire, we used the 20 m shuttle test [24] to deter-
mine maximal oxygen uptake. The test is described as being
reliable in these age groups [25, 26]. VO,max (ml/kg/min) was
calculated by the formula developed by Léger et al. [26]:

VO,max = 31.025 + 3.238X — 3.2484 + 0.1536 X4

where X is speed and A is age. VO,max was then related to the
activity score and hours of exercise per week. VO,max corre-
lated with both the activity score (r = 0.62, P < 0.001) and the
hours of exercise per week (r = 0.75, P < 0.001). The activity
score correlated with hours of exercise per week (r = 0.75,
P < 0.001). On the basis of this, which indicated the activity to
be adequately reported in the questionnaire, we selected the
activity score as the only measure of total activity level.

At the start of the study we evaluated retrospectively the
activity level from 9 to 13 years by the questionnaire in order
to determine the annual activity level over this period. An
average activity level for the years proceeding age 13
(3.8 £ 2.4 years for the boys and 3.4 + 2.1 years for the girls)
was then calculated. On the basis of the activity score we di-
vided the children into one high and one low activity group so
that both groups had a similar number of children. A cross-
sectional comparison of bone mass and bone size at age 13 was
then performed between individuals in the high and the low
activity group.

The skeletal effects of exercise from ages 13 to 16 were
longitudinally evaluated by annual measurements. Activity
level was recorded at every visit and an average activity score
for the period was calculated by adding the activity scores
from each measurement divided by the number of measure-
ments. Based on this activity score, the children were divided
into one low and one high activity group, once more with a
comparable number of children in the two groups. When
comparing the activity levels from ages 9 to 13 with the activity
levels from ages 13 to 16, 19% of the boys and 14% of the girls
changed activity group from the first to the second period. To
be able to evaluate the effect of an additional 3 years of high
activity from ages 13 to 16, we included only individuals who
had remained within the same activity group from ages 9 to 16
in the longitudinal analysis, namely, 36 girls and 36 boys.

As part of the school curriculum all children had physical
education 2 x 40 min per week from ages 9 to 13 and 4 x 40
min per week from ages 13 to 16. During their leisure time, 11
of the 36 girls (2 soccer, 1 orienteering, 6 horseback riding, 2
swimming) and 20 of the 36 boys (16 soccer, 2 motorcross, 1
ice-hockey, 1 swimming) were taking exercise at least twice a
week at a sports club from the ages of 9 to 13. Fifteen girls (5
soccer, 1 track and field, 8 horseback riding, 1 swimming) and
17 boys (8 soccer, 1 floreball, 2 fitness center, 1 tennis, 1
wrestling, 1 orienteering, 1 judo, 1 motorcross) were exercising
at least twice a week at a sports club from ages 13 to 16. Prior
to the start of the study (which was approved by the Ethics
Committee of the University of Lund) the school, the children,
and their parents signed a letter of consent to participate.

Statistical calculations were done using Statistica version 5.1
(StatSoft). Spearman’s rank test was used for the correlations.
Student’s z-test between means was used for group compari-
sons. ANCOVA was used when adjusting for differences in
weight, height, and Tanner stage. ANOVA was used to com-
pare the development of bone mass and bone size in relation to
age and when the slopes in the high and low activity groups
over age were compared (test of parallelism between slopes).

Results

Girls

Girls with a high activity level from ages 9 to 13 had, at
age 13, higher FN BMC (P = 0.07), FN aBMD, FN
vBMD, and calcaneus QUS (all P < 0.05) compared
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Table 1. Cross-sectional data at age 13 in girls and boys. Activity from age 9 to 13 was retrospectively evaluated

Girls Boys
Low High Low High
n =21 n =21 P P adj n =21 n =21 P P adj
Age, years 132 £ 0.3 132 £ 04 0.7 — 132 £ 0.3 133 £ 02 05 —
Height, cm 1573 £ 7 160.5 £ 5.6 0.1 — 1594 £ 69 160.0 = 84 0.8 —
Weight, kg 494 + 9.3 50.7 + 8.9 0.6 — 50.1 = 10.3 488 = 6.6 0.6 —
Total fat mass, kg 13.1 £ 6.8 12 £ 69 0.6 0.2 10.1 £ 5.1 84 +46 03 0.3
Total lean mass, kg 332 + 4.4 357 £ 3.9 0.07 03 37.0 £ 6.3 37.1 £ 6.1 09 0.5
Segmental length, cm
Spine 46.5 £ 2.9 47.5 +£ 3.0 0.3 0.7 456 £ 29 455 £ 3.1 09 0.9
Arm 50.3 + 3.7 51.1 £ 1.9 0.3 0.6 50.8 + 3.0 514 £ 37 0.5 0.7
Leg 79.0 + 4.8 794 + 4.2 0.8 0.1 80.7 + 4.0 80.2 £+ 5.6 0.7 0.1
Skeletal width, cm
Femoral neck 290 £+ 0.28 294 £ 021 0.6 0.5 295 £ 04 3.2 £ 034 0.03 0.005
BMC, g
Total body 1953 + 421 2102 £+ 390 0.2 0.5 2007 + 473 2064 = 381 0.7 0.05
Spine 194 £ 52 208 + 48 0.3 0.8 185 £ 53 179 + 41 0.7 0.7
Femoral neck 3.86 + 0.8 430 £ 0.69 0.07 0.2 430 £ 098 5.11 £ 0.94 0.009 <0.001
Distal radius 2.13 £ 043 230 £ 048 0.2 0.5 234 £ 049 231 £0.37 08 0.8
Ultradistal radius 0.95 £ 0.26 .16 £ 0.32  0.02 0.1 1.40 £ 0.5 1.25 £ 035 03 0.4
aBMD, g/cm?
Total body 1.02 £ 0.10 1.04 £ 0.10 0.7 0.9 1.00 £ 0.09 1.04 £ 0.08 0.2 0.003
Spine 0.96 £ 0.15 098 £ 0.13 0.7 0.8 090 £ 0.11 095 £ 0.10 0.2 0.002
Femoral neck 0.88 £+ 0.12 097 £ 0.12  0.02 0.07 096 £ 0.13  1.06 = 0.12 0.02 0.004
Head 1.91 £ 0.23 1.86 £ 0.25 0.6 0.4 1.79 £ 0.19 1.82 £ 0.13 0.6 0.2
Distal radius 0.33 £ 0.05 034 £ 0.05 0.5 0.7 0.36 £ 0.05 0.35 £ 0.04 0.7 0.7
Ultradistal radius 0.31 £ 0.05 0.33 £ 0.06 0.1 0.2 0.35 £ 0.07 034 £ 0.05 0.7 0.7
vBMD, g/cm?
Femoral neck 0.39 £+ 0.05 042 £ 0.05 003 0.04 042 £ 006 042 £ 0.05 0.9 0.6
QUS
BUA, dB/MHz 105.1 £ 7.3 112.5 £ 10.7  0.01  0.02 107.2 £ 9.8 112.1 £8.6 0.1 0.049
SOS, m/s 1546 + 25.9 1561 + 32.4 0.1 0.1 1544 + 24 1560 + 24 0.03 0.03
Stiffness index 82.8 + 10.8 92 £ 154 0.03 0.05 83.7 £ 12 91.3 £ 11.6 0.04 0.03

The children were divided into two groups (high and low) depending on reported physical activity level between ages 9 to 13 in
order to achieve comparative numbers of children in each group. Unadjusted comparisons (P) and comparisons adjusted for
height, weight, and Tanner stage (P adj) are presented. Values are the mean + SD

FN aBMD
r=0.52 p <0.001

glcm2

, . Fig. 1. Dose-response curve for femoral
3 4 5 6 7 8 neck areal HMD (FNaBMD; g/cm?) at age

. 13 and activity score from ages 9 to 16 for
Activity score g,

NJ(
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Girls
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Fig. 2. Longitudinal annual data from ages 13 to 16, presented
asmean + SEM for bone mineral content (BMC; g) bone size
(width; cm), areal bone mineral density (dBMD g/cm?), and
volumetric bone mineral density (VBMD; g/cm?) in the femoral

with girls with a low activity level. FN width and head
aBMD showed no differences in the comparison be-
tween the two groups (Table 1). FN aBMD at age 13
and an activity score of 9-16 are presented in Figure 1.

Three years of additional high and low activity (from
ages 13 to 16) did not show any increased differences
when the two groups were compared, and the changes in
bone mass and bone size (adjusted for changes in height,
weight, and Tanner stage) showed no differences in a
comparison between the high and the low activity
groups (Table 2, Fig. 2).

FN BMC, FN aBMD, and FN width all increased
with age in both the low and high activity groups (all
P < 0.01) but FN vBMD did not, in either of the two
groups (both P > 0.6). No significant differences were
found when the slopes of FN BMC, FN aBMD, FN
width, and FN vBMD were compared over age, either in
the high or low activity groups (all comparisons between
the slopes P > 0.3) (Fig. 2).

cm FN Width p=06
3.3 p = 0.06

3.2
3.1

3.0 -

291 a7

2.8 -

glem® FN vBMD
0.45
0.44
0.43 1

0.42 -

] p =0.002 p=05
0.41 p=0.04 N
0.40 - =

0.39 |
0.38 - i -
0.37 .

13 14 15 16
years

neck (FN) in girls with high (®) and low (A) activity level from
ages 9 to 16. Only girls who did not change their activity level
between ages 9 to 16 are included. p-values represent com-
parisons between high and low activity groups each year.

The data on development with age (longitudinal da-
ta) include only girls who did not change activity level
from ages 9 to 16 (86% of all girls measured) (Table 2,
Fig. 2). No differences were found when comparing girls
with a high and those with a low activity level, either at
age 13 or at age 16, regarding age at menarche, Tanner
stage, parents’ occupation and education, type of
housing, intake of dairy products, consumption of al-
cohol, and smoking.

The pubertal development ranged from median
Tanner 3 (range 1-5) at age 13 to median Tanner 4
(range 4-5) at age 16.

Boys

Boys with a high activity level from ages 9 to 13 had, at
age 13, higher FN BMC, FN aBMD, calcaneus QUS,
and FN width (all P < 0.05) than boys with a low ac-
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FN aBMD
r=0.48 p = 0.001

glcm2
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1.2 -
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1.0 4

0.9

tivity level. FN vBMD and head aBMD (an unloaded
region) showed no differences when the two groups were
compared (Table 1). FN aBMD at age 13 and activity
score 9-16 are presented in Figure 3.

Three years of additional high and low activity level
(from ages 13 to 16) showed no increased differences
when comparing the two activity groups, and the
changes in bone mass and bone size (adjusted for
changes in height, weight, and Tanner stage) showed no
differences when the high and low activity groups were
compared (Table 3 and Fig. 4).

FN BMC, FN aBMD and FN width all increased
with age in both the low and high activity groups (all
P < 0.002) while FN vBMD did not in either of the two
groups (in both P > 0.8). No significant differences
were found when comparing the slopes of FN BMC, FN
aBMD, and FN vBMD in relation to increasing age,
either in the high or low activity group (all comparisons
between the slopes P > 0.3). There was a tendency to-
wards a larger increase in FN width in the boys of the
low activity group than in those in the high activity
group from ages 13 to 16 (P = 0.09 when the slopes
were compared) (Fig. 4). The mean increase in FN width
was higher in the less active than in the more active boys
between ages 13 and 16 (P = 0.04) but after adjusting
for changes in height, weight, and Tanner stage no dif-
ference remained (P = 0.2) (Table 3).

The data on development with age (longitudinal da-
ta) include only boys who did not change activity level
from ages 9 to 16 (81% of all boys measured) (Table 3
and Fig. 4). No differences were found when comparing
boys with high and low activity level either at ages 13 or
16 regarding Tanner stage, parents’ occupation and
education, type of housing, intake of dairy products, or
alcohol consumption. During the period between 13 to
16, smoking was more common in the high activity

7 8
Activity score

Fig. 3. Dose-response curve for femoral
neck areal BMD (FNaBMD; g/cm?) at age
13 and activity score from ages 9 to 16 for
boys.

group than in the low activity group (P = 0.04). No
such difference was found over the period 9 to 13 years.

The pubertal development ranged from median
Tanner 3 (range 1-5) at age 13 to median Tanner 4
(range 4-5) at age 16.

Discussion

This study supports earlier reports that bone modeling is
modifiable by physical activity during the prepubertal
years [27]. However, since the evaluation at age 13 in the
present study is cross-sectional, as the children were not
randomized into high and low exercise levels and as
differences were already found at age 13, we cannot
exclude sampling bias to be the explanation of the dif-
ferences. It seems probable that bigger and stronger
children or more mature and developed children are
more successful at sports than their smaller and less
mature counterparts, and thus possibly choose to par-
ticipate in exercise to a higher extent. However, neither
height, weight, total muscle mass (lean mass), nor total
fat mass showed any differences in a comparison be-
tween the highly active and the less active individuals.
Even if these traits did not show any differences, maybe
a bigger or denser skeleton could be a selection criterion
for individuals subjected to exercise. This is also not very
plausible, as the head aBMD, a region virtually un-
loaded during exercise [28, 29], showed no difference in
the comparison between the two groups. Maybe more
mature individuals chose to participate in physical ac-
tivity. This also does not seem very plausible as there
were no significant differences in Tanner stages at age 13
or at age 16 between the activity groups, in either boys
or girls. After adjustment for differences in height,
weight and Tanner stages, all results remained. Fur-
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Fig. 4. Longitudinal annual data from ages 13 to 16, presented
asmean + SEM for bone mineral content (BMC,; g) bone size
(width; cm), areal bone mineral density (dBMD g/cm?), and
volumetric bone mineral density (vBMD; g/cm?) of the femo-

thermore, the dose-response curves for physical activity
and FN aBMD at age 13 support an exercise-induced
skeletal response. It seems that the most probable ex-
planation of the described skeletal differences at age 13
was the difference in activity levels during the years
preceding the measurements. The present data also
support previous reports indicating the skeleton to be
more influenced by physical activity pre- than peri- and
postpubertal [3, 11, 12, 30-32].

Since the evaluation at age 13 was cross-sectional,
we cannot determine at what age increased bone
modeling could first be registered. Furthermore, if
skeletal benefits could already be achieved before the
age of 9, it is unclear whether these benefits could be
enhanced with continued high activity from ages 9 to
13. The literature reports Tanner stages 2 to 3 to be the
period when exercise may enhance bone modeling [33].
Kannus et al. [27] reported for female squash and
tennis players, that the starting age of activity is of
importance, when the aBMD of the dominant arm was
related to this.

ral neck (FN) in boys with high (®) and low (A) activity level
from ages 9 to 16. Only boys who did not change their activity
level between ages 9 to 16 are included. p-values represent
comparisons between high and low activity groups each year.

Three years of additional high activity in individuals
with a high activity level from ages 9 to 13 did not show
increased bone size or bone mass differences compared
with the less active children, in either girls or boys. Since
the sample sizes were too small for subgroup analyses,
we cannot evaluate whether at age 13 sedentary chil-
dren, who increase their activity level during the fol-
lowing 3 years, could achieve an increase in bone size
and/or bone mass compared with children with a con-
tinued sedentary lifestyle. Neither can we evaluate
whether children with high activity at age 13, who re-
duced their activity level during the following 3 years,
retain the beneficial skeletal effects achieved during the
years preceding age 13. However, there are some data in
the literature indicating that sedentary children who
increase their activity level during the peripubertal years
may increase bone modeling, as seen to some extent in
boys [8].

The purpose of this study was to evaluate differences
in activity level on a scale that is realistic for most
children, and not to evaluate competitive exercises.
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Also, many sports activities performed during leisure
time, such as swimming and horseback riding, may be
insufficient in load to produce a skeletal response.
Greater differences and involving impact-loaded activi-
ties could possibly produce differences in skeletal de-
velopment, also during the period 13 to 16 years. It may
be that the type of activity and the magnitude of the
difference in activity level presented in this study was too
small to produce a difference in skeletal development.
However, previous reports suggest that also with intense
training it is difficult to achieve exercise-induced skeletal
benefits during adolescence [12, 31].

Exercise is often reported to increase periosteal ap-
position in bone (building a bigger bone) because this
surface is exposed to the greatest mechanical stress [34],
but also the endocortical contraction may contribute to
increased cortical width. Increased bone size (a larger
but not denser bone) at age 13 in more active boys in-
dicates a periosteal response during the years preceding
age 13. As the difference in bone size between more and
less active boys was not longer apparent at age 16, and
as there was a tendency of higher vBMD in active boys,
this could indicate endocortical contraction adding bone
strength at this age. Wittich et al. [35] reported, for
professional male soccer players, that leg bone size was
5% larger in soccer players than in controls and Haap-
asalo et al. [36] reported that former elite male tennis
players (age 30 years), had a bigger but not a denser
skeleton (vBMD). The discrepancies between the pre-
sent data and cited studies could be due to the different
activity levels and the different skeletal regions mea-
sured.

In contrast, vBMD was higher at age 13 in the more
active girls than in the less active girls. This suggests
increased endosteal apposition to be the result of exer-
cise during this period, with no changes in the relation
occurring with an additional 3 years of high and low
activity.

DXA is supposed to measure quantitative bone mass,
whereas QUS is supposed to measure a different skeletal
property, maybe architecture [16-18, 37]. The exercise-
induced QUS benefits reported in this study suggest that
exercise may confer beneficial effects not only in bone
mass but also in other skeletal properties important for
skeletal strength. Daly et al. [38] support this when re-
porting higher QUS values in pre- and peripubertal male
gymnasts compared with controls.

In summary, we can state that increased physical
activity may influence bone modeling before age 13 in
both genders. Three years of additional high activity did
not increase these differences even if the relative con-
tribution of bone mass and bone size may change in
boys. The efforts by the community to enhance the
skeletal strength in the general population, by means of
increased physical activity, should probably be initiated
before age 13.
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