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Abstract
Objective—To determine the relation of
puberty, physical activity, physical fitness,
and calcium intake with bone mineral
content (BMC) of the distal radius, and on
bone mineral density (BMD) of the L2 to
L4 vertebrae in a group of healthy Chinese
adolescents.
Design—Cross sectional survey.
Subjects—A group of 179 healthy Chinese
adolescents (92 boys and 87 girls) aged 12
to 13 years enrolled in the first year of the
Tii Junior High School in Shatin, Hong
Kong. Ninety four of the pupils enrolled
were in the physical education major class
(PE), and the other 85 were in the art
major class (ARTS).
Main outcome measures—Correlation of
BMC of the distal radius and BMD of the
L2 to L4 vertebrae with level of physical
activity, physical fitness (isometric and
isokinetic), muscle strength of the upper
and lower limb, and calcium intake.
Results—BMC of the distal radius and
BMD of the L2 to L4 vertebrae were
significantly positively correlated. Uni-
variate and regression analysis showed
that age, pubertal staging, physical fit-
ness, and muscle strength were signifi-
cantly associated with bone mass in a
positive way. Calcium intake and type of
sport practised did not exert a significant
influence on BMC of the distal radius and
BMD of the L2 to L4 vertebrae in boys.
The results for the BMD of the L2 to L4
vertebrae were similar in girls and boys;
however, in girls, the BMC of the distal
radius had a negative correlation with cal-
cium intake. Physical fitness was a signifi-
cant positive predictor of BMD of the L2
to L4 vertebrae.
Conclusions—Among Chinese adoles-
cents bone mass was positively influenced
by certain measures of physical fitness as
well as by age, weight, and pubertal stage.
(Arch Dis Child 1998;78:524–530)
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Ethnicity, physical activity, and calcium intake
are known determinants of bone mass in
adults.1 In a study of children and their parents,
up to 60% of the variance in bone mineral
density (BMD) could be ascribed to genetic
factors.2 This value increased to 80% in twin
studies.3 Most studies focused on adults, and
there are few quantitative data on the relative
contribution of various factors to bone mass

acquisition in adolescents during the rapid
growth phase. For example, a Dutch group, in
a cross sectional study of a heterogeneous
population of 500 children, adolescents, and
young adults aged from 4 to 20, found that the
major independent determinants of BMDwere
pubertal stage in girls and body weight in boys.4

Bone mass of healthy adults is directly corre-
lated with the peak value achieved at skeletal
maturity.5 In older women, bone mass is also
determined by bone loss due to menopause.6 In
a given individual, peak bone mass is attained
in the late 20s and early 30s: after this age
nutritional interventions do not increase bone
mass,6 although weight bearing exercise may
have beneficial eVects.7 Although bone mass
achieved in adulthood is under genetic, ethnic,
and hormonal control,8 9 environmental and
nutritional factors such as dietary calcium and
vitamin D, and physical activity can still
contribute significantly to its variability.10–15

Most studies of bone mass acquisition in
children have been done in white and African-
American subjects8; children of other ethnicity
have been considered only as a subgroup, often
without their results being analysed in detail.4 16

Such studies have shown that bone density is
lower in whites than in blacks, and still lower in
Asians.17 Given the scarcity of data available
from children of Chinese ancestry, we studied
the association of puberty, physical activity,
physical fitness, and nutritional factors on axial
and peripheral bone mass in a group of healthy
Chinese adolescents of a similar age.

Subjects and methods
Informed consent was obtained from the
parents and from each of the 179 healthy ado-
lescents (92 boys and 87 girls) enrolled in the
first year of the Tii Junior High School in Sha-
tin, Hong Kong. Children underwent physical
examination by a fully trained paediatrician to
exclude any condition known to aVect bone
metabolism. No pupil was excluded on this
criterion, and none was taking medications
known to alter bone or calcium metabolism, or
both. The study was approved by the ethical
committee for research on human subjects of
the medical school of the Chinese University of
Hong Kong.
Ninety four of the pupils enrolled were in the

physical education major class (PE), and the
other 85 were in the art major class (ARTS).
Pupils had been assigned to the PE or ARTS
classes according to their own and their
parents’ choice and to school matching proce-
dures, based on the past performance of each
pupil in the major subject chosen.
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LEVEL OF SPORTS PARTICIPATION

Each pupil was interviewed by one of the
investigators to determine the type (ball games,
water sports, track and field, and other) and the
level (national/school team or recreational) of
sport practised. In the PE group, 71.7% of the
boys belonged to the national/school team,
whereas none of the boys in the ARTS group
did (p < 0.001).

DIETARY NUTRITION AND CALCIUM INTAKE

Each pupil was interviewed separately by a
fully trained dietitian. A quantitative food
frequency questionnaire,18 modified and vali-
dated for the Hong Kong Chinese
population,9 14 was used to assess individual
dietary intake during the previous two months.
Nutrient intake of the various food items was
calculated from a comprehensive computerised
food database compiled from previously pub-
lished sources.19–22

ANTHROPOMETRIC MEASUREMENTS AND

PUBERTAL STAGING

All anthropometric measurements were per-
formed by one of two fully trained paediatri-
cians, whose intratester and intertester variabil-
ity was such that the results for each

measurement were reproduced within 5% of
the initial value in at least 80% of cases. Height
without shoes was measured to the nearest
0.1 cm using a portable Harpenden Stadio-
meter (Holtain, Crosswell, UK).23 Weight in
light vest and knickers was measured to the
nearest 0.1 kg using a Seca digital physician’s
scale (Seca Ltd, Bonn, Germany).24 25 Pubertal
staging was done according to Tanner’s
criteria.26 Menarcheal status was assessed by
individual interview. Limb dominance was
determined by asking the children which hand
they wrote with and which leg they kicked a
ball with.

BONE MASS MEASUREMENTS

The bone mineral content (BMC) and the
width of both distal radii was measured using
the Norland 2780 single beam photon absorp-
tiometer (Norland Corporation, Fort Atkin-
son,Wisconsin, USA) (SPA). The BMD of the
L2 to L4 lumbar vertebrae was measured using
the Norland Dual-energy x ray absorptiometer
(DEXA), Model XR-26 (Norland Corpora-
tion). These measurements were taken and the
machines calibrated daily in accordance with
the manufacturer’s instructions by one of two
trained technicians.

Table 1 Pubertal stage of children in the physical education and art groups

Boys Girls

PE group ARTS group

p value*

PE group ARTS group

p value*n % n % n % n %

Genitalia 0.099 Breast 0.059
Stage 1 0 0.0 3 7.7 Stage 1 0 0.0 0 0.0
Stage 2 23 43.4 13 33.3 Stage 2 4 9.8 4 8.7
Stage 3 17 32.1 10 25.6 Stage 3 5 12.2 16 34.8
Stage 4 13 24.5 11 28.2 Stage 4 10 24.4 12 26.1
Stage 5 0 0.0 2 5.1 Stage 5 22 53.7 14 30.4

Pubic hair 0.120 Pubic hair 0.118
Stage 1 20 37.7 11 28.2 Stage 1 6 14.6 4 8.7
Stage 2 15 28.3 14 35.9 Stage 2 3 7.3 13 28.3
Stage 3 10 18.9 12 30.8 Stage 3 19 46.3 15 32.6
Stage 4 8 15.1 1 2.6 Stage 4 11 26.8 13 28.3
Stage 5 0 0.0 1 2.6 Stage 5 2 4.9 1 2.2

Testicular size 0.201 Menarche 0.208
< 4 ml 1 1.9 4 10.3 No 15 36.6 23 50.0
4–12 ml 29 54.7 21 53.8 Yes 26 63.4 23 50.0
> 12 ml 23 43.4 14 35.9

*÷2 test.

Table 2 Comparison of bone mineral status and physical fitness between physicial education and art groups

Boys Girls

PE group ARTS group

p value*

PE group ARTS group

p value*n Mean SE n Mean SE n Mean SE n Mean SE

Calcium intake (mg/day) 53 736.1 36.74 39 702.7 38.9 0.542 41 563.9 31.9 46 556.7 34.6 0.880
Bone width of radius (cm) 53 1.07 0.015 39 1.02 0.020 0.061 41 1.06 0.015 46 1.001 0.014 0.002
BMC radius (g/cm) 53 0.63 0.015 39 0.57 0.015 0.009 41 0.67 0.013 46 0.63 0.013 0.055
BMD L2–L4 (g/cm2) 53 0.66 0.019 39 0.58 0.012 0.003 41 0.79 0.018 46 0.72 0.015 0.002

Physical fitness tests
3 minute step test (total beats) 53 126.8 2.7 39 137.4 3.32 0.014 41 136.1 3.8 46 147.2 3.43 0.032
Sit and reach test (cm) 53 30.1 0.87 39 28.4 0.8 0.175 41 35.8 0.92 46 32.8 1.06 0.039
1 min sit up test (times) 53 33.0 1.01 39 25.8 1.8 0.001 41 27.3 1.38 46 20.9 1.13 <0.001
Vertical jump (cm) 53 44.3 1.03 39 38.7 1.36 0.001 41 37.7 0.98 46 33.1 0.89 0.001
Grip strength (kg) 53 22.1 0.86 39 20.1 0.84 0.103 41 21.1 0.55 46 19.7 0.61 0.113
Isokinetic peak extension
torque (Nm) 37 210.8 5.3 27 202.5 8.4 0.404 34 181.7 5.1 37 154.7 4.1 <0.001

Isokinetic peak flexion torque
(Nm) 37 136.9 4.1 27 131.0 5 0.368 34 104.7 3.2 37 89.8 2.4 <0.001

*Independent t test.
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The reproducibility in evaluating the radius
in two successive scans without repositioning
of the subjects were 2.09% and 2.06% respec-
tively for BMC of the distal radius and bone
width. Reproducibility of the DEXA scan
results was within 1.4% for the L2 to L4 lum-
bar vertebrae.

PHYSICAL FITNESS ASSESSMENT

The following tests were performed in the
order reported hereinafter according to the
instructions of the American College of Sports
Medicine (1995), the American Alliance for
Health Physical Education, Recreation and
Dance,27 or the manufacturers of the testing
apparatus as appropriate. All tests were done
after the children had performed stretching
exercises for five minutes and cycled for a fur-
ther five minutes on a commercially available
cycle ergometer (Monark model 818E, Mon-

ark AB, Stockholm, Sweden) at a load setting
of zero. The dominant limb was tested first,
and the non-dominant limb was tested after a
three minute rest (handgrip test) or a five
minute (isokinetic test) rest. A three minute
rest was allowed between each test. Children
were verbally encouraged to produce maximal
eVort. The tests included (1) recovery index
after a three minute step test28; (2) sit and reach
test,29 using the Sit-and-Reach 5111 testing kit
(Takei & Co Ltd, Tokyo, Japan); (3) one
minute sit up test; (4) bilateral handgrip,27

using the Grip D 5101 dynamometer (Takei &
Co Ltd, Tokyo, Japan); (5) vertical jump29; and
(6) bilateral isokinetic quadriceps and ham-
string peak flexion and extension torque test at
60º/second and 180º/second.30 A Cybex II+

dynamometer (Cybex, Lumex Inc
Ronkonkoma, New York, USA) equipped with

Table 3 Correlation analysis of variables associated with bone mass

BMC of the distal radius BMD of the L2 to L4 vertebrae

Boys Girls Boys Girls

n r p value* n r p value* n r p value* n r p value*

Age 92 0.542 <0.001 87 0.275 0.010 92 0.685 <0.001 87 0.313 0.003
Weight 92 0.671 <0.001 87 0.534 <0.001 92 0.591 <0.001 87 0.647 <0.001
Height 92 0.652 <0.001 87 0.479 <0.001 92 0.647 <0.001 87 0.462 <0.001
Bone width 92 0.764 <0.001 87 0.714 <0.001 92 0.558 <0.001 87 0.340 0.001
Length of L2–L4 92 0.657 <0.001 87 0.471 <0.001 92 0.702 <0.001 87 0.618 <0.001
Calcium intake 92 0.105 0.320 87 −0.264 0.014 92 0.099 0.349 87 −0.142 0.189

Physical fitness
3 minute step test recovery index 92 0.059 0.580 87 0.007 0.946 92 0.064 0.547 87 0.098 0.368
Sit and reach test 92 0.526 <0.001 87 0.250 0.020 92 0.340 0.001 87 0.336 0.001
1 minute sit ups 92 0.200 0.056 85 0.309 0.004 92 0.219 0.036 85 0.341 0.001
Grip strength 92 0.777 <0.001 87 0.539 <0.001 92 0.763 <0.001 87 0.555 <0.001
Vertical jump 92 0.368 <0.001 87 0.149 0.168 92 0.506 <0.001 87 0.280 0.009

*Pearson’s correlation.

Table 4 Univariate analysis of independent variables with BMC of the distal radius

Boys Girls

n Mean SE p value n Mean SE p value

Genitalia
Stage 1, 2, 3 66 0.585 0.011 0.002*
Stage 4, 5 26 0.661 0.024

Testicular size
< 12 ml 55 0.575 0.013 <0.001*
> 12 ml 37 0.653 0.017

Pubic hair
Stage 1, 2, 3 82 0.591 0.010 <0.001* 60 0.619 0.011 <0.001*
Stage 4, 5 10 0.735 0.039 27 0.694 0.011

Breast
Stage 1, 2, 3 29 0.585 0.016 <0.001*
Stage 4, 5 58 0.671 0.010

Menarche
No 38 0.603 0.015 <0.001*
Yes 49 0.673 0.010

Group
Art 39 0.573 0.015 0.009* 46 0.626 0.013 0.055*
Physical education 53 0.631 0.015 41 0.661 0.013

Ball games
No 62 0.602 0.014 0.512* 69 0.633 0.011 0.056*
Yes 30 0.617 0.017 18 0.677 0.018

Track and field
No 74 0.594 0.011 0.078* 75 0.642 0.010 0.792*
Yes 18 0.657 0.032 12 0.649 0.018

Water sports
No 83 0.603 0.012 0.355* 80 0.642 0.009 0.781*
Yes 9 0.638 0.023 7 0.651 0.045

Other sports
No 88 0.605 0.011 0.677* 79 0.641 0.010 0.578*
Yes 4 0.651 0.100 8 0.659 0.040

Level of sports
PE group—National/school team 38 0.635 0.017 0.040† 30 0.672 0.015 0.066†
PE group—Recreational purpose 15 0.622 0.032 11 0.634 0.023
ARTS group—Recreational purpose 33 0.572 0.016 39 0.623 0.014

*Independent t test; †analysis of variance.
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a HUMAC computer system (Computer
Sports Medicine Inc, Totowa, New Jersey,
USA) was used. The variables measured were
peak torque (Nm), average work (joules), and
average power (watts). Each test consisted of a
trial phase of four submaximal and two
maximal contractions at the given testing
speed, a one minute rest, and an actual test
phase of three continuous maximal contrac-
tions. Knee extension was tested first at
60º/second, and then at 180º/second, with a
two minute rest between the two speeds. After
a further two minute rest, knee flexion was
tested starting at 60º/second and progressed to
180º/second after a two minute rest. The non-
dominant limb was tested in the same way after
a five minute rest.
For tests 2, 4, 5, and 6, three attempts were

allowed, and the best result used for analysis.

PHYSICAL ACTIVITY ASSESSMENT

To assess physical activity over the past six
months, each pupil was individually inter-
viewed and information gathered through self
report on: (a) type of major regular sports—
ball games, track and field athletics, water
sports, others; or (b) level of sports
participation—PE group: national/school team
members; PE group: recreational purpose;
ARTS group.

STATISTICAL ANALYSIS

Descriptive statistics were calculated. The rela-
tions were studied between anthropometric
measurements, pubertal staging, physical fit-
ness, level of physical activities, and BMC of
the distal radius and BMD of the L2 to L4 ver-
tebrae. Univariate analyses by Student’s t test,
÷2 test, and Pearson’s correlation coeYcients

Table 5 Univariate analysis of independent variables with BMD of the L2 to L4 vertebrae

Boys Girls

n Mean SE p value n Mean SE p value

Genitalia
Stage 1, 2, 3 66 0.592 0.008 0.001*
Stage 4, 5 26 0.718 0.034

Testicular size
< 12 ml 55 0.582 0.009 <0.001*
> 12 ml 37 0.696 0.025

Pubic hair
Stage 1, 2, 3 82 0.605 0.009 0.015* 60 0.716 0.013 <0.001*
Stage 4, 5 10 0.815 0.070 27 0.840 0.017

Breast
Stage 1, 2, 3 29 0.656 0.016 <0.001*
Stage 4, 5 58 0.804 0.011

Menarche
No 38 0.679 0.015 <0.001*
Yes 49 0.813 0.013

Group
Art 39 0.587 0.012 0.003* 46 0.721 0.015 0.002*
Physical education 53 0.658 0.019 41 0.792 0.018

Ball games
No 62 0.615 0.016 0.147* 69 0.742 0.013 0.040*
Yes 30 0.654 0.019 18 0.803 0.024

Track and field
No 74 0.608 0.009 0.054* 75 0.749 0.013 0.277*
Yes 18 0.711 0.049 12 0.787 0.034

Water sports
No 83 0.631 0.014 0.251* 80 0.752 0.013 0.414*
Yes 9 0.602 0.020 7 0.788 0.036

Other sports
No 88 0.629 0.013 0.702* 79 0.752 0.012 0.529*
Yes 4 0.605 0.048 8 0.778 0.054

Level of sports
PE group—National/school team 38 0.662 0.017 0.023† 30 0.801 0.020 0.005†
PE group—Recreational purpose 15 0.647 0.055 11 0.769 0.038
ARTS group—Recreational purpose 33 0.583 0.014 39 0.714 0.016

*Independent t test; †analysis of variance.

Table 6 Summary of stepwise regression model for the prediction of BMC of the distal radius and of the BMD of the L2
to L4 vertebrae

Independent
variables

BMC of the distal radius BMD of the L2 to L4 vertebrae

Boys Girls Boys Girls

CoeYcients b p value CoeYcients b p value CoeYcients b p value CoeYcients b p value

Age 0.056 <0.0001 0.033 0.0096 0.090 <0.0001 0.045 0.0069
Weight 0.004 0.0002 0.003 0.0088 0.007 <0.0001 0.009 <0.0001
Bone width 0.332 <0.0001 0.516 <0.0001
Flex test 0.003 0.0028
Pubic hair 0.046 0.0012 0.060 0.0013
Jump 0.004 <0.0001
Sit up test 0.005 <0.0001
Constant −0.699 −0.425 −0.948 −0.321
R2 0.779 0.673 0.740 0.670

The variables entered in the analysis were: age, weight, height, bone width, genitalia/breast development, pubic hair, testicular size/
menarche, group, level of sports, recovery index after the 3 minute step test, sit and reach test, 1 minute sit up test, grip strength,
vertical jump, and calcium intake.
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were used to identify significant variables,
which were then used for stepwise multiple
regression analysis. The analyses were done
separately for each sex to allow for the different
measures of pubertal stages. Factors com-
monly predictive of BMC and BMD (for
example, age, weight, height, and bone width)
were given higher priorities to enter the
regression model. Our goal was to identify
other possible predicting factors. p values less
than 0.05 were considered significant. SPSS for
Windows version 6.0 was used for the statisti-
cal analyses.31

Results
ANTHROPOMETRY AND PUBERTY STAGING

Age, body weight, and height were not
significantly diVerent between the two groups.
Of the boys in the PE group, 25% had their
genitalia at Tanner stage 4, 15% had pubic hair
at stage 4, and 43% had a testicular size greater
than 12 ml (table 1). Among the girls in the PE
group, 78% showed a stage of breast develop-
ment of 4 or 5. Pubic hair had reached stage 4
or 5 in 32% of the girls in the PE group, and
63% of them were post-menarcheal. Children
in the ARTS group showed similar findings
(p > 0.05).

BONE MASS, CALCIUM INTAKE, PHYSICAL
ACTIVITIES, PHYSICAL FITNESS, AND STRENGTH

There were no significant diVerences between
the BMC of the dominant and non-dominant
radii, and between dominant and non-
dominant limb in handgrip and isokinetic test-
ing (paired sample t test). For subsequent
analysis the dominant limb values were used.
Among the boys in the PE group, the mean

(SE) BMC of the distal radius (0.631
(0.015) g/cm) was greater compared with boys
in the ARTS group (0.573 (0.015) g/cm)
(p = 0.009). Boys in the PE group also had a
greater BMD of the L2 to L4 vertebrae (0.658
(0.019) g/cm2) v 0.587 (0.012 g/cm2)
(p = 0.003). Calcium intake and bone width of
the distal radius were not significantly different
among the two groups (table 2).
Among the girls, there were significant

diVerences between the PE and ARTS groups
in all variables examined except calcium
intake, BMC of the distal radius, and grip
strength. Girls in the PE group had a greater
mean (SE) BMD of their L2 to L4 vertebrae
(0.792 (0.018) g/cm2) compared with those in
the ARTS group (0.721 (0.015) g/cm2)
(p = 0.002). The bone width of their distal
radius was also larger (1.065 (0.015) cm v
1.001 (0.014) cm) (p = 0.002) (table 2).
The mean (SE) BMC of the distal radius

among boys (0.607 (0.011) g/cm2) was smaller
compared with girls (0.643 (0.009) g/cm2)
(p = 0.014). Boys also had a smaller BMD of
the L2 to L4 vertebrae (0.628 (0.013) g/cm2)
compared with girls (0.754 (0.012) g/cm2)
(p < 0.001). This probably reflects the larger
proportion of girls who were at a more
advanced pubertal stage.

BONE MASS: UNIVARIATE ANALYSIS

Tables 3, 4, and 5 summarise the results of the
univariate analysis of the relation between
independent variables (calcium intake, anthro-
pometric measurements, pubertal stage, bone
width, physical fitness, physical activity) and
BMC of the distal radius and BMD of the L2
to L4 vertebrae.
In boys, age, anthropometric variables,

physical fitness variables, and pubertal staging
were positively associated with the BMC of the
distal radius and BMD of the L2 to L4
vertebrae. The length of L2 to L4, bone width
of forearm, whether the pupils were in the PE
or in the ARTS group, and most of all physical
fitness tests were positively associated with
BMC of the distal radius and BMD of the L2
to L4 vertebrae. Calcium intake and type of
sport were not associated with BMC of the dis-
tal radius and with BMD of the L2 to L4 ver-
tebrae.
The situation was similar for girls. However,

BMC of the distal radius showed a negative
correlation with calcium intake. Whether the
girls were in the PE or ARTS groups just failed
to show a significant eVect on BMC of the dis-
tal radius. Calcium intake did not show a
significant association with BMD of the L2 to
L4 vertebrae, but it was significantly associated
with the type of major subject class (PE or
ARTS) in the girls (p = 0.002).

BONE MASS: STEPWISE REGRESSION ANALYSIS

The analysis identified the variables predictive
of BMC of the distal radius and of BMD of the
L2 to L4 vertebrae. Age, weight, height, and
bone width were given high priority to enter the
stepwise model, as they have been identified as
significant predictors of BMC of the distal
radius and BMD of the L2 to L4 vertebrae.8 9

The other variables listed in the previous
sections—that is, pubertal stage, group, level of
sport, type of sport, physical fitness, and
calcium intake—were all given equal chance to
enter the model. Stepwise regression analysis
showed that many of the factors, including
inclusion in the PE or in the ARTS group,
became non-significant. Table 6 summarises
the remaining significant predictive factors.
Among boys and girls the common positive

predictors of BMC of the distal radius were
age, body weight, and bone width of the distal
radius. Flexibility in boys and pubic hair stage
in girls were found to be additional significant
factors.
Findings were similar for BMD of the L2 to

L4 vertebrae. Age and body weight remained
significant positive predictors. Vertical jump
score and sit up test score, pubic hair stage in
boys and girls, respectively were positively cor-
related with BMD of the L2 to L4 vertebrae.
Bone width of the distal forearm did not
predict BMD of the L2 to L4 vertebrae.

Discussion
Peak bone mass is attained in early adulthood
and, after a period when it remains relatively
constant, a slow progressive decline is
observed.6 Actual bone mass and rate of
decline are aVected by multiple factors, the
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most important of which are genetic make up,
age, sex, calcium intake, physical exercise, and
other environmental lifestyle factors. Genetic
influence could account for 70–80% of peak
bone mass.8 9 Timing of the attainment of peak
bone mass varies among diVerent ethnic
groups. For example, black people achieve a
significantly higher bone mass and at an earlier
age than white people do.8

Intervention studies have shown that in adult
and older women11 and children13 suYcient
calcium supplements can significantly increase
bone mass even in children with calcium intake
within recommended limits.13–15 Most research-
ers have found that programmed physical exer-
cise and training, quantity of exercise, endur-
ance exercise, and weight bearing exercise exert
a significant positive eVect on bone mass
acquisition.7 10 12 14

Studies in children have shown the increase
of bone mass with age, the correlation with cal-
cium intake, body weight and height, and a sig-
nificant diVerence between boys and girls and
between diVerent ethnic groups. However,
detailed studies on the eVects of physical exer-
cise and of puberty on bone mass acquisition
are relatively few,32–34 and their results are con-
troversial. For example, a recent study from
Canada showed that weight training in adoles-
cent girls does not exert any significant
influence on the increase of total body and
lumbar spine BMD.
This study focused on adolescents and the

various factors potentially aVecting bone mass.
These included pubertal stages, type and
quantity of physical activity, physical fitness
and strength, and calcium intake. Univariate
analysis showed a significant positive correla-
tion between BMC of the distal radius and
BMD of the L2 to L4 vertebrae and age,
weight, height, pubertal stage, bone width of
distal radius, type of sport and physical fitness,
and strength in both sexes. The eVect of the
diVerent level of sports and frequency of sports
participation were found to aVect BMD of the
lumbar spine more significantly than BMC of
the distal radius. This is in keeping with other
studies that have shown that BMD of the spine
reflects more accurately the eVect of physical
exercise than BMC of the distal radius.35 The
correlation with calcium intake was not signifi-
cant, and the type of sport played aVected nei-
ther BMC of the distal radius nor BMD of the
L2 to L4 vertebrae.
When subjected to multiple regression

analysis, it was confirmed that age, weight, and
bone width are significant predictors of BMC
of the distal radius and of BMD of the L2 to L4
vertebrae, at least in the study design adopted
in our sample. Furthermore, BMC of the distal
radius and BMD of the L2 to L4 vertebrae are
also associated with some fitness variables in
both sexes, and with pubertal stages. Pupils
with higher pubertal stages therefore would be
expected to have higher BMC of the distal
radius or higher BMD of the lumbar spine.
In conclusion, BMC of the distal radius and

BMD of the L2 to L4 vertebrae in boys were
correlated with age, anthropometric variables,
physical fitness, and pubertal stage. Calcium

intake and type of sport practised did not exert
a significant influence. In girls, while the results
for BMD of the L2 to L4 vertebrae were simi-
lar to that found in boys, BMC of the distal
radius showed a negative correlation with
calcium intake. As in other ethnic groups, age
and body weight were significant predictors of
BMC of the distal radius. Physical fitness was a
significant predictor of BMD of the L2 to L4
vertebrae, confirming the findings of other
investigators that exercise has a significant
eVect on the lumbar spine.
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