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Abstract
Background: It is known that physical activity during growth has a positive influence on bone
mineral accrual, and is thus possibly one strategy to prevent osteoporosis. However, as bone
geometry, independent of areal bone mineral density (aBMD), influences fracture risk, this study
aimed to evaluate whether hip structure in pre-pubertal girls is also affected by a two-year exercise
intervention program.

Methods: Forty-two girls aged 7–9 years in a school-curriculum-based exercise intervention
program comprising 40 minutes of general physical activity per school day (200 minutes per week)
were compared with 43 age-matched girls who participated in the general Swedish physical
education curriculum comprising a mean of 60 minutes per week. The hip was scanned by dual
energy X-ray absorptiometry (DXA) and the hip structural analysis (HSA) software was applied to
evaluate bone mineral content (BMC, g), areal bone mineral density (aBMD, g/cm2), periosteal
diameter, cross-sectional area (CSA, cm2), section modulus (Z, cm3) and cross-sectional moment
of inertia (CSMI, cm4) of the femoral neck (FN). Annual changes were compared. Subjective
duration of physical activity was estimated by questionnaire and objective level of everyday physical
activity at follow-up by means of accelerometers worn for four consecutive days. All children
remained at Tanner stage 1 throughout the study. Group comparisons were made by independent
student's t-test between means and analyses of covariance (ANCOVA).

Results: At baseline, the two groups did not differ with regard to age, anthropometrics or bone
parameters. No between-group differences were observed for annual changes in the FN variables
measured.

Conclusion: A two-year school-based moderately intense general exercise program for 7–9-year-
old pre-pubertal girls does not influence structural changes in the FN.
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Background
Physical activity during growth induces benefits in bone
mineral accrual and bone structure [1-4]. This is of clinical
relevance as both traits are important for bone strength
[5]. However, measurements of bone mineral content
(BMC) and bone size by dual energy X- ray absorptiome-
try (DXA) must be interpreted with care, as there is a rela-
tionship between the traits so that a bigger bone is related
to a greater BMC. Furthermore, the growing skeleton
responds more favorably to mechanical loading than the
adult skeleton [6] and the pre- and early pubertal years
seem to be the period with the greatest responsiveness
[1,7,8]. Most exercise trials, however, have focused on the
accrual of bone mineral [9-12], a study design that may
underestimate the effects of training, as bone mineral
does not take bone structure into account. Bone structure
at the femoral neck (FN) can be evaluated by the DXA-
based hip structural analysis (HSA). There are few previ-
ous exercise intervention studies in children that have
used this technique, some supporting [13,14], others
refuting [15,16] the influence of exercise during growth
on the bone structure at the FN, and all with shorter fol-
low-up than the current study. The reports published so
far from the Pediatric Osteoporosis Prevention (POP)
study in girls [11,12] have only used the standard dual
energy X-ray absorptiometry (DXA) software. These pub-
lications have reported an exercise-induced beneficial out-
come in bone mineral accrual and a greater gain in
skeletal width of the third lumbar vertebra (L3), with a
trend toward a beneficial effect on FN width.

However, the POP study has so far not reported the effect
of physical activity on the FN structure. By introducing the
HSA software [17-19] to specifically evaluate the FN struc-
ture, we were better able to estimate the biomechanical
properties of the FN than if only measuring FN width.
Estimation of biomechanical calculation is of great inter-
est, as an exercise induced benefit in FN width reflects a
much greater benefit in cross-sectional moment of inertia
(CSMI). CSMI is an estimate of the ability of the FN to
withstand bending forces, proportional to the fourth
power of the radius [5,20].

Thus, the aim of this trial was to ascertain whether a mod-
erately intense exercise intervention program for two years
in pre-pubertal girls [12] could also influence the biome-
chanical indices of the FN. Secondly, because of the well-
known difficulty in estimating physical activity in young
children [21,22], accelerometer data were included to
quantify the amount of moderate or vigorous activity. We
hypothesized that a moderately intense exercise interven-
tion program would be beneficial for FN structure and
that there ought to be more both moderate and vigorous
activity in the intervention group.

Methods
The Malmö Pediatric Osteoporosis Prevention (POP)
study is a prospective controlled school physical educa-
tion intervention study that follows skeletal traits in a
population-based cohort of pre-pubertal children. The
study design has previously been thoroughly reported
with discussion of the accrual of lumbar spine and FN
bone mineral and gain in bone width [11,12]. All four
invited neighboring schools included were government-
funded, with the children allocated to the school accord-
ing to their residential address and with the Swedish
standard curriculum for school physical education classes
before study start. None of the invited schools denied par-
ticipation. One of the schools was then invited to partici-
pate as the intervention school. This school instantly
accepted, even if they had to modify their curriculum by
increasing the amount of physical educational classes. In
other words, we did not choose a school with an already
high level of physical activity as the intervention. The
cohort could thus be regarded as a cluster of convenience,
the schools being the clusters and the convenience being
that they all came from the same neighborhood.

In the intervention school, all girls in grades one and two
were included in a school-curriculum-based exercise inter-
vention program. Of 61 girls, 55 agreed to participate in
the baseline measurements. One girl was excluded, as she
was eleven months younger than the second youngest girl.
After two years, five girls declined participation, leaving
49 girls with a mean age of 7.6 ± 0.6 years (range 6.5–8.7)
at baseline for this report. The volunteers from the control
schools included 64 girls within the same grades. After
two years, 13 of these girls had moved or declined further
participation, and one was excluded as she was being
treated with a medication known to affect bone metabo-
lism. Thus, 50 girls with a mean age of 7.9 ± 0.6 (range
6.8–8.9) at baseline were included as controls. Due to the
technical problems when DXA scanning of small children
caused by inconsistency in limb positioning and location
of the region of interest [23], we advocated the method
introduced by Beck et al. when evaluating FN width [18].
This method excludes biologically unlikely values, 3
standard deviations (SD) above or below the mean. This
resulted in exclusion of four scans of the hip in the inter-
vention group and six in the control group. In addition,
missing scans or scans with obvious technical errors were
found in three hip scans in the intervention group and
one in the control group. As a result, 42 cases and 43 con-
trols are included in this report.

All girls were Caucasians without any disease or medica-
tion known to influence bone metabolism. All girls stayed
at Tanner stage 1 during the study, according to the assess-
ment of pubertal stages done by our research nurses [24].
As described in previous publications [11,12], there were
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no differences regarding height, weight and body mass
index (BMI) when a drop-out analysis compared the study
participants and the non-participants and the children in
the intervention group and the control group.

The Swedish school physical educational curriculum
includes a variety of activities such as ball games, running,
jumping and climbing. The school physical education
intervention included these same types of activities, which
were performed under the supervision of the class teacher
but the normal mean curriculum time of 60 minutes per
week was increased to 40 minutes per day (200 minutes
per week). In the control schools, the same activities were
used, although limited to only one or two sessions (60
minutes) per week (Table 1), the mean level of the stand-
ard Swedish school curriculum.

The methodology of physical activity measurement has
previously been presented in detail [25-27]. Physical
activity was assessed using the MTI (Manufacturing Tech-
nology Incorporated, Fort Walton Beach, FL, USA) accel-
erometer, model 7164. The children were instructed to
wear the accelerometers for four consecutive days, includ-
ing both weekdays and weekends. Accelerometers were

not used during some activities such as swimming. The
children were also given specific instructions to put them
on as soon as they got out of bed in the morning and take
them off when they went to bed at night. Accelerometers
were programmed to start recording in the morning of the
first day and measure continuously for 4 days. However,
there are weaknesses in the registration of activity. The
accelerometers were not used during sleep or when per-
forming any activity in water. Similar activity could thus
be recorded differently. Trampoline jumping into a pool
would not be registered whereas trampoline training on
ground would. Around of 70% of the recorded accelerom-
eter time included school days (also including the school
physical educational classes) and 30% included weekend
days. Furthermore, the data collection was performed a
mean 8 days apart from the follow-up BMD measure-
ments. One girl in the intervention and three girls in the
control group did not complete four whole days so we
had to exclude them from the study. Accelerometer data is
then averaged over a period called an epoch. A recording
epoch of ten seconds was selected for this study. SAS-
based software (SAS Institute Inc, Cary, NC, USA) was
used to analyze all accelerometer data. This software auto-
matically deletes missing data, defined as continuous

Table 1: Data as regard the level of physical activity at baseline and follow-up.

Intervention Control p-value

Baseline data

Numbers 42 43
Age 7.7 (0.6) 7.9 (0.6) 0.08
Organized physical activity evaluated through questionnaire (hrs/w)

School curriculum 3.3 1.0 < 0.001
Outside the school 0.7 (0.6) 1.4 (1.7) 0.009
Total physical activity 4.0 (0.6) 2.4 (1.7) < 0.001

Follow-up data

Numbers 42 43
Age 9.7 (0.6) 9.9 (0.6) 0.14
Organized physical activity evaluated through questionnaire (hrs/w)

School curriculum 3.3 1.0 < 0.001
Outside the school 1.4 (1.4) 2.0 (2.1) 0.13
Total physical activity 4.7 (1.4) 3.0 (2.1) < 0.001

Accelerometer data

Numbers 41 40
Recording time per day (hours/day) 11.8 (1.4) 12.0 (1.3) 0.50
Mean activity/day (counts per minutes) 644 (192) 590 (121) 0.13
Moderate to vigorous activity (> 3 METs; min/day) 193 (47) 185 (37) 0.38
Vigorous activity (> 6 METs; min/day) 34 (15) 35 (13) 0.77
> 5000 counts per minutes/day 17.9 (9.9) 16.8 (8.5) 0.58
> 6000 counts per minutes/day 12.5 (7.6) 10.5 (6.2) 0.19
> 10,000 counts per minutes/day 2.6 (2.5) 1.0 (1.2) < 0.001

Data presented as mean (SD).
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sequences of 60 consecutive epochs (i.e. 10 minutes) or
more with zero counts. This was done based on the
assumption that all such sequences of zeros lasting longer
than ten minutes were caused by the accelerometer not
being worn. In order to minimize inter-instrumental vari-
ation, all accelerometers were calibrated against a stand-
ardized vertical movement. Mean activity was considered
to be the total accelerometer counts per valid minute of
monitoring (mean counts/min; cpm). Age- and body-
mass-specific cut-off points exist for accelerometer counts
representing activity of varying intensities, and these cut-
off points made it possible to roughly estimate the
number of minutes the child was engaged in activity
above a specific intensity threshold [28,29]. Time spent
performing above 3 Metabolic Equivalents (METs) was
considered to reflect moderate-to-vigorous activity
(MVPA), and time spent above 6 METs was considered to
reflect vigorous activity (VPA). Cut-off points used for all
children were > 167 counts/epoch for MVPA and > 583
counts/epoch for VPA [28,29].

The baseline measurements in the intervention school
were made before the intervention was initiated and the
follow-up measurements two years later. The three neigh-
boring control schools were evaluated in the same way.
During the dual X-ray absorptiometry (DXA, DPX-L ver-
sion 1.3z, Lunar®, Madison, WI) measurements the chil-
dren were dressed in light clothes and no shoes. Pediatric
software was used for children with a weight below 35 kg.
Total lean mass and total fat mass were estimated from the
DXA total body scan. All standard image files of the prox-
imal femur were analyzed by one technician, using the hip
strength analysis (HSA) software, provided by Lunar
Instruments Corporation (Madison, WI), a technique
described in detail in the previous publications [16]. In
this trial we report the bone mineral content (BMC, g) and
areal bone mineral density (aBMD, g/cm2), width (mm),
cross-sectional area (CSA, cm2), section modulus (Z, cm3)
and cross-sectional moment of inertia (CSMI, cm4) of the
femoral neck (FN).

Daily calibration of the DXA machine was performed with
the Lunar® phantom. The research technicians in our
research group performed all the measurements and the
software analyses. The coefficients of variation for the FN
traits, evaluated by duplicate measurements in 13 healthy
children with a mean age of 10 years, were as follows:
BMC 1.4%, aBMD 1.6%, periosteal diameter 1.5%, CSA
2.2%, Z 6.2%, CSMI 6.2%, and for total body fat mass
3.7% and total body lean mass 1.5%.

Body weight was measured with an electric scale to the
nearest 0.1 kg and body height by a wall-tapered height
meter to the nearest 0.5 cm. The previously advocated life-
style questionnaire was also used in this report [11,12].

Questionnaires were given at baseline and at follow-up.
Duration of physical activity just after the intervention
was initiated was specifically registered in the baseline
questionnaire. The duration of physical activity at follow-
up was specifically registered in the follow-up question-
naire. The total time spent in physical activity was calcu-
lated as weekly time spent in training within the school
curriculum and weekly time spent in organized sports
activities outside of school. The children answered the
questionnaire together with their parents, in order to min-
imize recall error.

Informed written consent was obtained from parents or
guardians of participants prior to the study start. The study
was approved by the Ethics Committee of Lund University
(LU 453-98; 1998-09-15), Sweden, and conducted
according to the Helsinki Declaration of 2000. The Swed-
ish Data Inspection Board approved both the data collec-
tion and the database.

Statistical calculations were performed with Statistica®,
version 6.1 (StatWin®). Data are presented as mean ± SD.
Baseline data, follow-up data and changes per 365 days
were compared between the cases and the controls by stu-
dent's t-test. Baseline data were adjusted for chronological
age and organized physical leisure time activity at baseline
with analyses of covariance (ANCOVA). Follow-up data
and annual changes were adjusted for chronological age
and organized physical leisure time activity at baseline
and increments in height and weight in the follow-up
evaluations by an ANCOVA. A p-value of < 0.05 was
regarded as a statistically significant difference.

Results
As shown in Table 1, at baseline and at follow-up, total
duration of physical activity estimated through question-
naire was higher in the intervention group than in the
control group. In contrast, at follow-up, there was no dif-
ference in total amount of daily activity measured by
accelerometers, while the intervention group was pre-
sented with a higher proportion of the most intense activ-
ities, above 10,000 cpm.

As shown in Table 2, there were no differences at baseline
in anthropometrics or bone parameters between the inter-
vention and control groups. The results remained after
adjustment for age and organized leisure time activity at
baseline (data not shown). Also, there were no significant
differences in the annual changes of the FN skeletal traits
when the intervention and the control groups were com-
pared. The results remained after adjustment for age and
organized leisure time activity at baseline and changes in
weight and height during the study period (data not
shown).
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Discussion
The previously published paper following the girls for two
years reported a significant exercise-induced beneficial
effect in FN bone width when comparing unadjusted data
and a trend for exercise-induced benefit when comparing
data adjusted for differences in age at baseline and growth
[12]. In contrast, this study refutes that there are any sig-
nificant exercise-induced structural FN benefits in the

intervention group. The discrepancy could be due to the
outliers being excluded in this study as well as the use of
different FN software in the two reports.

The different outcome in lumbar spine [12] compared to
FN, as presented in this report, when following girls for 2
years in the POP study could be due to several reasons.
There could have been a different mechanical load in the

Table 2: Anthropometry, bone mineral parameters and biomechanical calculations of femoral neck.

Intervention control p-value

Baseline (N = 42) (N = 43)

Total body
Weight (kg) 27.8 (5.4) 26.5 (4.3) 0.22
Height (cm) 128.8 (5.1) 128.7 (7.5) 0.94
Lean mass (kg) 20.1 (2.3) 20.0 (2.6) 0.90
Fat mass (kg) 5.3 (3.7) 4.5 (2.4) 0.28
Femoral neck
BMC (g) 2.524 (0.468) 2.536 (0.497) 0.91
BMD (g/cm2) 0.722 (0.091) 0.701 (0.090) 0.30
Cross-sectional area (CSA, cm2) 0.909 (0.141) 0.889 (0.152) 0.54
Periosteal width (cm) 2.424 (0.162) 2.463 (0.225) 0.37
Section modulus (Z, cm3) 0.279 (0.064) 0.272 (0.082) 0.66
Cross-sectional moment of inertia (CSMI, cm4) 0.341 (0.096) 0.338 (0.130) 0.90

Follow-Up (N = 42) (N = 43)

Total body
Weight (kg) 35.6 (8.0) 32.5 (5.7) 0.04
Height (cm) 141.0 (6.5) 139.7 (8.0) 0.45
Lean mass (kg) 24.6 (3.5) 23.6 (3.0) 0.18
Fat mass (kg) 8.9 (5.8) 6.3 (3.4) 0.01
Femoral neck
BMC (g) 3.146 (0.506) 3.030 (0.518) 0.30
BMD (g/cm2) 0.803 (0.080) 0.789 (0.103) 0.50
Cross-sectional area (CSA, cm2) 1.100 (0.175) 1.067 (0.187) 0.41
Periosteal width (cm) 2.640 (0.226) 2.593 (0.190) 0.30
Section modulus (Z, cm3) 0.377 (0.085) 0.368 (0.099) 0.66
Cross-sectional moment of inertia (CSMI, cm4) 0.506 (0.154) 0.483 (0.159) 0.49

Annual Changes (N = 42) (N = 43)

Total body
Weight (kg) 3.9 (1.6) 3.0 (1.1) 0.006
Height (cm) 6.0 (1.1) 5.6 (0.9) 0.06
Lean mass (kg) 2.3 (0.8) 1.8 (0.5) 0.003
Fat mass (kg) 1.8 (1.3) 0.9 (0.7) 0.001
Femoral neck
BMC (g) 0.310 (0.234) 0.252 (0.236) 0.25
BMD (g/cm2) 0.040 (0.033) 0.045 (0.042) 0.62
Cross-sectional area (CSA, cm2) 0.095 (0.065) 0.091 (0.078) 0.77
Periosteal width (cm) 0.107 (0.107) 0.067 (0.113) 0.10
Section modulus (Z, cm3) 0.049 (0.030) 0.049 (0.042) 0.98
Cross-sectional moment of inertia (CSMI, cm4) 0.082 (0.057) 0.074 (0.067) 0.54

Comparison between the intervention group (n = 42) and the control group (n = 43) in anthropometrics, bone mineral parameters and 
biomechanical calculations in femoral neck at baseline, at two year follow-up and in annual changes during the follow-up period. Data presented as 
mean ± SD.
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two regions. This could account for both ground reaction
forces and muscle load. The different proportions of
trabecular and cortical bone in lumbar spine and FN [30]
could also be an another reason as trabecular bone is
more prone to respond to mechanical load than cortical
bone [2,8-11,16]. The structural FN data presented in this
trial introduce important new knowledge, as previous
reports have suggested that exercise-induced structural
benefits may have been underestimated when only aBMD
or the standard hip DXA software are used [7]. However,
this study opposes that view.

The FN structural data in this report contradict some pub-
lications about growing children [13,31] but totally or
partly support others [14-16]. The discrepancies in the
conclusions when the trials are compared could be due to
differences in the study designs. The maturational level of
the girls was different in the trials, and it is known that
exercise-induced skeletal benefits are most obvious in
early pubertal or in pre-menarcheal girls [8,14,32,33].

The intensities and the proportions of osteogenic activi-
ties in the cited exercise programs were different, and it is
known that high-magnitude repetitive interventions con-
fer more benefits than repeated endurance training
[13,14,33-35]. There are however studies that have evalu-
ated the ground reaction forces as one attempt to quantify
the level of physical activity in exercise intervention trials
[10,35,36]. However, the aim of the current study was not
to estimate the osteogenic effect of specific activities but to
evaluate whether a general school-based exercise interven-
tion program could be used as a population-based pre-
vention strategy for low bone strength.

The follow-up periods in the cited studies vary between 7
and 24 months, a fact that could also influence the out-
come. The structural estimate of the FN by HSA, as the
HSA is based on a two-dimensional scanning technique
[18,19], may also differ from evaluation by three-dimen-
sional techniques such as quantitative computed tomog-
raphy (QCT) and magnetic resonance imaging (MRI).
However, these techniques predominantly estimate the
peripheral skeleton, predominantly the lower leg and
forearm. Apart from different techniques, it also seems as
if the response to mechanical load is different in different
skeletal regions [7,37]. The limited precision of the HSA
software could also influence the outcome and thus influ-
ence our inferences.

The intervention program, as estimated by the question-
naire, led to a higher duration of exercise per week but not
to a higher level of activity estimated by four days of accel-
erometer measurements (Table 1). Today there is no con-
sensus as to how physical activity should be registered in
children, as both objective measurements of physical

activity and self-reported methods are associated with
flaws [21,22,25,38]. However, the longer duration of
physical activity suggested by the questionnaire and the
previously reported bone mass benefits found in the lum-
bar spine [11,12] suggest that the intervention program
actually resulted in a higher level of physical activity. The
accelerometer data at least partly support this view when
reporting a higher proportion of the most intense activi-
ties (> 10,000 cpm) in the intervention group (Table 1).
However, the duration of the level with the highest inten-
sity spans such a short period that the data must be inter-
preted with great care. In spite of this, the finding is of
considerable interest, as it is known that a short duration
of highly intense load is of greater importance than the
total duration of activity when trying to improve skeletal
strength [39-44].

Study strength
The prospective population-based design, increasing our
ability to draw generalized inferences, must be regarded as
a strength, while the inability to perform individual rand-
omization must be regarded as a weakness, both facts
extensively discussed in our previous reports [11,12]. The
similarity in anthropometric characteristics between indi-
viduals who did or did not participate in this study, and
between the intervention and the control group, provides
further support that our inferences could be generalized.
The use of accelerometers, as an objective estimate of daily
physical activity, is also positive compared to only subjec-
tive estimates of the level of physical activity [21,22].

Study limitations
When interpreting accelerometer data, the registrations
only span a few days, at the end of the study period, per-
haps not reflecting the actual activity level during the two-
year study period. Furthermore, some types of activities
are not captured by the technique [25,38]. The higher
spare time activity in the control group could also mask
eventual beneficial osteogenic effects in the intervention
group. However, this seems of less probability as all
results remained after adjustment for differences in spare
time activity at baseline. Furthermore, it would have been
beneficial if we by the questionnaire had been able to
define the different type of spare time activities, not only
provide the duration of the organized training activities.
Also, it had been advantageous if we had been able to pro-
vide accelerometer data separately as regard the activities
level during the school time, during leisure time, during
weekdays and during weekends. The HSA technique with
its technical limitations should also be highlighted.
Inconsistent positioning of the limb or the region of inter-
est results in errors [18,19]. A small width error results in
large errors in the estimates of CSMI, as CSMI is propor-
tional to the fourth power of the radius [5,20]. This is the
reason why we excluded outliers as recommended by Beck
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et al. [18]. The estimates of the periosteal dimension are
also derived from a two-dimensional image, but the skel-
eton can expand in other directions [7,45], which may not
be captured by the HSA. With these limitations in mind,
HSA data should be regarded as one method on which to
focus interest, not only on the amount of bone mineral
but also FN structure.

Conclusion
A two-year moderately intense school-based exercise
intervention program in pre-pubertal girls seems not to
influence the FN structure, possibly due to the fact that the
level of physical activity in this cohort of children was
high, independent of being in the intervention or control
group. The study also highlights the difficulties in the esti-
mation of physical activity in children. Further studies are
required to determine whether an exercise program
exceeding two years, with a higher intensity of training, in
girls with a lower everyday level of physical activity and in
early peri-pubertal girls could be beneficial for the FN
structure.
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