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RESEARCH ARTICLE Open Access

A 3-year school-based exercise intervention
improves muscle strength - a prospective
controlled population-based study in 223 children
Fredrik Detter1*, Jan-Åke Nilsson1, Caroline Karlsson1, Magnus Dencker2, Björn E Rosengren1

and Magnus K Karlsson1

Abstract

Background: Intense physical activity (PA) improves muscle strength in children, but it remains uncertain whether
moderately intense PA in a population-based cohort of children confers these benefits.

Methods: We included children aged 6–9 years in four schools where the intervention school increased the school
curriculum of PA from 60 minutes/week to 40 minutes/school day while the control schools continued with
60 minutes/week for three years. We measured muscle strength, as isokinetic Peak Torque (PT) (Nm) of the knee
flexors in the right leg at speeds of 60°/second and 180°/second, at baseline and at follow-up, in 47 girls and 76
boys in the intervention group and 46 girls and 54 boys in the control group and then calculated annual changes
in muscle strength. Data are provided as means with 95% confidence intervals.

Results: Girls in the intervention group had 1.0 Nm (0.13, 1.9) and boys 1.9 Nm (0.9, 2.9) greater annual gain in
knee flexor PT at 60°/second, than girls and boys in the control group. Boys in the intervention group also had
1.5 Nm (0.5, 2.5) greater annual gain in knee flexors PT at 180°/second than boys in the control group.

Conclusion: A 3-year moderately intense PA intervention program within the school curriculum enhances muscle
strength in both girls and boys.

Keywords: Body composition, Boys, Isokinetic peak torque, Girls, Knee extension, Knee flexion, Muscle strength,
Physical activity, School-based intervention

Background
In the context of a growing and aging population, pre-
ventive strategies are needed for diseases of old age,
including falls and fragility fractures. Physical activity
(PA) could be one such strategy since PA in childhood is
associated with improved aerobic fitness, bone mass,
muscle strength, muscle function and fat profile [1-5].
Whether or not the response to PA is similar in boys
and girls is unclear since there are gender differences in
the response to PA [6-8]. Furthermore, the timing of an
increase in the level of PA has been disputed since the
musculoskeletal complex may, like the skeleton, respond

differently at different pubertal stages [1,6,7,9-14]. The
skeleton responds most favorably to mechanical load du-
ring the late pre- and early pubertal period [3,5,13,15,16],
but whether or not muscles show a similar pattern is de-
bated [1,6-8,14,17-19]. Some reports indicate that the pu-
bertal growth spurt and the transient increased accrual of
bone mineral are not accompanied by a pubertal boost in
muscle strength [20]. The divergent inferences probably
reflect the fact that the studies included different propor-
tions of girls and boys, evaluated children in different ages
and with different pubertal maturation and also used dif-
ferent training protocols [1,6-8,14,17-19].
Generalized international guidelines currently recom-

mend 60 minutes’ daily moderate activity with inclusion
of vigorous activity on at least three days/week [4]. It is
unknown whether the same level should be advocated in
children and if so, whether the same level should be

* Correspondence: fredrik.detter@med.lu.se
1Clinical and Molecular Osteoporosis Research Unit, Department of
Orthopedics and Clinical Sciences, Skåne University Hospital, SE-205 02
Malmö, Sweden
Full list of author information is available at the end of the article

© 2014 Detter et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.

Detter et al. BMC Musculoskeletal Disorders 2014, 15:353
http://www.biomedcentral.com/1471-2474/15/353

mailto:fredrik.detter@med.lu.se
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


recommended in all ages. Furthermore, there is probably
a need for different types and intensities of PA when
gain in muscle strength, bone mass or cardiovascular
health are used as endpoint variables. Furthermore, a PA
intervention program should include a variety of ac-
tivities, since specific designed monotonous training pro-
grams usually result in a large dropout frequency [3,11].
The aim of this study was to determine whether a

3-year school-based PA intervention program affected the
gain in muscle strength and lean body mass (muscle mass)
in children, who were pre-pubertal at study start.

Methods
Study design
The Paediatric Osteoporosis Prevention (POP) study is a
prospective controlled exercise intervention trial that
evaluates musculoskeletal development in children aged
6–9 years at study start. The study design and me-
thodology have previously been described in detail
[6,8,21-27], was approved by the Ethics Committee at
Lund University and the study was conducted in accor-
dance with the Declaration of Helsinki. We obtained
written informed consent from parents or guardians and
children prior to inclusion. To summarize the study de-
sign, we included four community-based schools within
the same geographic area where children were allocated
to school according to residential address. The cohort
could therefore be regarded as a cluster of convenience,
the schools being the clusters and the convenience that
they are all from the same neighborhood. One school
was assigned as intervention school and three as control
schools. In the intervention school we increased the
amount of physical education (PE) in the school curricu-
lum from 60 minutes PE/week to 40 minutes/school day
(200 minutes per week) for three years. The intervention
consisted of a variety of activities such as jumping, run-
ning, playing and ball games, i.e. the regular Swedish
school curriculum for PE but with an extended duration
[6,8,21-27]. The control schools used the same type of
PE but continued with the duration of 60 minutes/week
[6,8,21-27]. The ordinary teachers supervised the PE
classes. We provided no extra PA during vacation and
weekends.

Study material
We invited all children who started school during two
consecutive years to participate in repeated measure-
ments of anthropometry, muscle strength and body
composition. Figure 1 shows a flow-chart of the partici-
pants in this study. Out of the 65 invited girls in the
intervention school, 61 agreed to participate at baseline
while 47 subjects continued throughout the study with
the inclusion criteria fulfilled (Figure 1). The corre-
sponding figure in the intervention boys was 88 invited,

85 with baseline measurements and 76 with prospective
data (Figure 1). In the control group 157 girls and 170
boys were invited, 64 girls and 68 boys participated in
the baseline measurements and 46 girls and 54 boys had
prospective data (Figure 1). The children were 6–9 years
old at baseline and 10–12 at follow-up. A dropout ana-
lysis showed that there were no differences in height,
weight, body mass index (BMI), total body or regional
body composition or muscle strength between children
who took part in both baseline and follow-up visits and
those that only attended baseline. In the grade one com-
pulsory school health examination we found similar age,
height, weight and BMI in the children who participated
in the baseline measurements and those who declined
participation [6,8,21-27].

Muscular strength
Two physiotherapists measured muscle strength by a
computerized dynamometer (Biodex System 3®) as con-
centric isokinetic Peak Torque (PT) of the right knee ex-
tensors (ex) and flexors (fl) at speeds of 60 and 180°/
second (°/sec). Study participants were seated with their
hips at 85° flexion from anatomical position during the
testing. The knee axis was aligned with the axis of rota-
tion of the Biodex dynamometer. Study participants
were fastened according to standard procedure using the
Biodex machine utilizing shin, thigh, pelvic and upper
torso crossing stabilization straps. When the lumbar lor-
dosis created a space between the participant’s back and
the chair, a 10 cm thick pad was used to fill the space. If
the lever of the Biodex machine was longer than the
lower leg we used a pad to adjust the difference. All par-
ticipants were instructed to cross their arms on the chest
during the test. During the testing, the knee joint went
through a 75° range of motion between 20° and 95°
flexion. Before each test the children performed three
sub-maximal practice repetitions in order to get familiar
with the machine and the movements and the children
received visual and verbal encouragement during the
testing. The test included five 60°/sec repetitions (flexion
and extension) followed by 30 seconds of rest and then
ten 180°/sec repetitions (flexion and extension), all at
maximal effort. The highest recorded peak torque (Nm)
value for each setup was registered.
Peak torque was then normalized to weight (Nm/kg)

in all measurements. The precision of the measurements
evaluated as coefficients of variation (CV) in 21 children
was 6.6% for PTEx60, 12.1% for PTFl60, 12.3% for PTEx180

and 9.1% for PTFl180. 58-.

Anthropometry and body composition
We measured weight with an Avery Berkel HL 120
Electric Scale® and height with a Holtain Stadiometer® and
calculated BMI as weight/height2 (kg/m2). We measured
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total body and regional fat and lean mass by dual energy
X-ray absorptiometry (DXA) (DPX-L version 1.3z, Lunar®)
in a total body scan. Our research technicians performed
and analyzed all scans. The intra-individual test variability
(CV%) was 3.7% for total body fat and 1.5% for total body
lean mass, assessed after repeated measurements in 13
healthy children.

Lifestyle
We used a lifestyle questionnaire, utilized in several pre-
vious studies [6,8,21-27], to evaluate nutrition, diseases,
medications, PA and lifestyle at baseline and follow-up
(Table 1). We evaluated PA separately for activities
taking place within the school curriculum and for leisure
time organized PA (Table 2). Our research nurse in-
structed the children to self-assess Tanner stage [28] at
baseline and at follow-up.

Statistical analysis
We used IBM SPSS Statistics® version 20 to perform sta-
tistical analyses. Values that were biologically unlikely,
defined as above or below three standard deviations (SD)
from the mean, were excluded, as described by Beck et al.
[29]. This resulted in the exclusion of 16 dynamometer,
anthropometry or DXA measurements. Background data
are presented as proportions, means ± standard deviations
(SD) or means with ranges and results as means with 95%
confidence intervals (95% CI). Levene’s test was utilized to
test homoscedasticity. Annual changes were calculated as
the difference between the baseline and follow-up mea-
surements divided by follow-up time. Gender-specific
group differences were evaluated by student’s t-test bet-
ween means, chi-squared test, Fisher’s exact test or
Mann–Whitney U-test depending on the analysis. We
used ANCOVA to adjust for group differences in age,

Figure 1 Flow-chart of the study participants.
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Table 1 Lifestyle factors

Girls Boys

Cases (n = 47) Controls (n = 46) P- value Cases (n = 76) Controls (n = 54) P- value

Baseline

Age 7.7 (0.6) 7.9 (0.6) 0.07 7.8 (0.6) 7.9 (0.6) 0.23

Lifestyle factors

Excluding dairy products 0 3 (7%) 0.11 1 (1%) 7 (13%) <0.01

Drinking coffee 3 (6%) 1 (2%) 0.62 3 (4%) 0 0.27

Smoking 0 0 NA 0 0 NA

Alcohol 0 0 NA 0 0 NA

Tried to lose weight 1 (2%) 0 1.0 0 0 NA

Current disease 3 (6%) 3 (7%) 1.0 7 (9%) 3 (6%) 0.52

Ongoing medication 5 (11%) 2 (4%) 0.43 10 (13%) 4 (7%) 0.39

Previous medication 4 (9%) 2 (4%) 0.68 3 (4%) 5 (9%) 0.28

Previous Fracture 5 (11%) 6 (13%) 0.72 6 (8%) 6 (11%) 0.53

Tanner stage 1/2/3/4/5 47/0/0/0/0 46/0/0/0/0 NA 76/0/0/0/0 48/0/0/0/0 NA

Follow-up (after 3 years)

Age 10.7 (0.6) 11.1 (0.7) 0.003 10.8 (0.6) 11.1 (0.6) 0.01

Lifestyle factors

Smoking 0 0 NA 0 0 NA

Alcohol 0 0 NA 0 0 NA

Tanner stage 1/2/3/4/5 (%) 17/18/9/2/0 10/20/14/2/0 0.12 65/9/2/0/0 11/26/14/1/0 <0.001

Menarche 3 (6%) 1 (2%) 0.62 —— —— ——

Baseline and follow-up data in the subsample of girls and boys who were measured, presented as numbers and proportion (%) or as means with standard
deviations (SD). Statistically significant differences are bolded.

Table 2 Physical activity

Girls Boys

Cases (n = 47) Controls (n = 46) P- value Cases (n = 76) Controls (n = 54) P- value

Baseline

Organized physical activity before study start
(hours/week)

Total physical activity 1.7 (0.7) 2.4 (1.7) 0.02 2.7 (1.6) 2.3 (1.3) 0.18

Organized physical activity after study start
(hours/week)

School curriculum 3.3 1.0 <0.001 3.3 1.0 <0.001

Outside School 0.7 (0.7) 1.4 (1.7) 0.02 1.7 (1.6) 1.3 (1.3) 0.18

Total physical activity 4.0 (0.7) 2.4 (1.7) <0.001 5.0 (1.6) 2.3 (1.3) <0.001

Follow-up (after 3 years)

Organized physical activity (hours/week)

School curriculum 3.3 1.0 <0.001 3.3 1.0 <0.001

Outside School 2.3 (2.0) 2.8 (2.5) 0.38 3.3 (3.3) 2.9 (2.4) 0.50

Total physical activity 5.6 (2.0) 3.8 (2.5) <0.001 6.6 (3.3) 3.9 (2.4) <0.001

Baseline and follow-up physical activity data in the subsample of girls and boys who were measured. Questionnaire-evaluated duration of organized physical
activity was estimated as mean hours per week. Data are presented as mean with standard deviation (SD). Statistically significant group differences are bolded.
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annual change in height and Tanner-stage at follow-up.
We regarded a p < 0.05 as a statistically significant diffe-
rence. A post-hoc power analysis revealed that we had
80% power to detect a difference of 2.3 Nm in PTex60,
1.2 Nm in PTfl60 and 0.1 kg in lean mass in boys and of
2.1 Nm in PTex60, 1.3 Nm in PTfl60 and 0.2 kg in lean
mass in girls with a significance level of 0.05.

Results
The only registered lifestyle discrepancy was that more
boys in the control group excluded dairy products than
boys in the intervention group (Table 1). Before the inter-
vention was initiated, PA was similar in subjects and con-
trols (Table 2). After the intervention was initiated, both
girls and boys in the intervention group reported signifi-
cantly higher duration of total PA compared to controls
(Table 2). At baseline both boys and girls in the interven-
tion group had lower muscle strength than boys and girls
in the control group (Table 3).
The annual increase in PT flexion strength was signifi-

cantly greater in both girls and boys in the intervention
group than in controls (p <0.01 to <0.05) (Table 3). The
adjusted annual gain in lean mass arms was greater in
intervention girls than controls, as was the gain in fat
mass (Table 3).

Discussion
In this three-year prospective controlled population-
based study in pre-pubertal children we found that inter-
vention with moderately intense PA conferred a greater
gain in muscle strength in both girls and boys. The study
provides high-level of evidence that supports daily PE in
the school curriculum as a strategy to improve muscle
strength in the general pediatric population. This has
important public health implications since low muscle
strength and neuromuscular function are associated with
falls and fractures [2,30] and high muscular strength
with good balance, good postural control, and lower fall
and fracture risks [31-33].
Current literature suggests that training improves

muscular function [7,8,14,19], and specific intervention
programs are reported to confer excellent effects on
musculoskeletal performance [3,18,34-36]. But studies
on PA-induced muscular effects in pre-pubertal children
are rare and the results are conflicting [6,8,14,19,37-39].
This could be explained by the fact that the studies have
used different techniques to assess muscle strength and
have included heterogeneous cohorts with respect to
age, pubertal maturation, height, weight and BMI, all
traits influencing muscle strength [6,8,14,19,37-39]. Fur-
thermore, since all prospective studies are short-term,
little is known about long-term effects of PA interven-
tion. Most studies also use volunteers with an interest in
exercise, who are thus probably easier to motivate to

participate in PA, while few studies have a population-
based design. This study should therefore not be consi-
dered as another study that explores the effect of specific
training modalities but a study that shows that increased
PA within the school curriculum could be used as a
strategy to improve muscle strength on the population
level.
In this study we found benefits in muscle strength in

both boys and girls. When evaluating lean body mass
(muscle mass), we found benefits only in the arms in the
girls. A large muscle mass may improve muscle strength
[36,40-43]. However, the gain in muscle strength in chil-
dren may also be explained by neural adaptations such
as complex influences in neuromuscular interaction in
the motor unit and increased coordination of agonists
and antagonists [7,14,17,42,44]. In other words, a child
could gain muscle strength without increasing muscle
mass. In our study the reason for increased muscle
strength, as measured in the lower extremities with no
increased lean body mass, ought to depend on motor
unit activation, coordination, recruitment, and/or firing
frequency [2,14,44].
The duration of physical activity necessary to gain mus-

cular benefits during growth is not defined, but in-
ternational guidelines recommend 60 minutes of varied
physical activity per day [3,4,45] with the inclusion of
vigorous exercises for at least 3 days per week [46]. But it
is unknown whether this recommendation also accounts
for children and all traits such as muscle strength, bone
mass or cardiovascular health. Our study results indicate
that the effects achieved by this level of PA are beneficial.
Whether or not even greater benefits can be reached by a
higher level of physical activity ought to be evaluated in
future trials. Another important aspect is that if children
change a sedentary lifestyle to a more active one early in
childhood, they are more likely to continue with a healthy
and active lifestyle in adult life as well [47,48].
We also found a larger gain in fat mass in the girls

with extra PA than in the control group. The reason for
the larger fat mass gain in girls remains unknown, con-
trasting with the fact that a high level of PA in most
studies is associated with low fat content [1-5]. We
speculate that with increased PA, there is also an in-
crease in food intake. We have previously shown a lack
of a dose–response relationship between duration of PA
and gain in fat mass [8,23] and also a higher transient
fat gain in boys [22]. With this in mind, the group dif-
ference in fat mass gain in girls is probably the result of
chance.
The study strengths include the population-based de-

sign, the high participation rate, and the thorough drop-
out analyses. The study is the prospective controlled PA
intervention study with muscle strength and lean mass
as endpoint variables with the longest duration so far, to
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Table 3 Muscle strength

Girls

Baseline Between-group differences baseline Annual changes Between-group differences annual changes

Cases (n = 47) Controls (n = 46) Adjusted difference (95% CI) P1-value P2-value Cases (n = 47) Controls (n = 46) Adjusted difference (95% CI) P3-value P4-value

Anthropometry (kg)

Height (cm) 128.0 (5.2) 129.9 (7.9) −0.5 (−2.8, 1.9) 0.18 0.70 6.2 (5.9, 6.5) 6.0 (5.7, 6.3) 0.3 (−0.1, 0.03) 0.48 0.09

Weight (kg) 27.6 (5.5) 27.8 (5.6) −0.2 (−2.1, 2.5) 0.90 0.84 4.1 (3.6, 4.5) 3.5 (3.1, 3.9) 0.4 (−0.01, 0.8) 0.04 0.05

BMI (kg/m2) 16.8 (3.0) 16.3 (1.9) 0.4 (−0.7, 1.4) 0.35 0.48 0.6 (0.4, 0.7) 0.4 (0.2, 0.5) 0.2 (0.01, 0.3) 0.02 0.04

Lean body mass (kg)

Total Body 19.8 (2.3) 20.4 (2.8) −0.2 (−1.2, 0.8) 0.25 0.66 2.4 (2.2, 2.6) 2.3 (2.1, 2.5) 0.1 (−0.03, 0.3) 0.37 0.12

Legs 6.3 (1.0) 6.4 (1.2) −0.03 (0.4, 0.5) 0.55 0.87 1.0 (0.9, 1.1) 1.0 (0.9, 1.0) 0.04 (−0.03, 0.1) 0.37 0.24

Arms 1.6 (0.3) 1.7 (0.4) −0.1 (−0.2, 0.1) 0.10 0.20 0.3 (0.2, 0.3) 0.2 (0.2, 0.2) 0.04 (−0.01, 0.1) 0.10 0.01

Fat mass (kg)

Total Body 4.8 (3.1) 5.0 (3.1) 0.2 (−1.5, 1.1) 0.76 0.76 1.6 (1.3, 1.9) 1.0 (0.7, 1.2) 0.5 (0.2, 0.9) 0.003 0.001

Legs 2.1 (1.1) 2.2 (1.2) 0.1 (−0.6, 0.4) 0.70 0.73 0.6 (0.5, 0.7) 0.4 (0.3, 0.5) 0.2 (0.1, 0.3) 0.02 0.002

Arms 0.5 (0.4) 0.5 (0.4) −0.04 (−0.2, 0.1) 0.68 0.66 0.1 (0.1, 0.2) 0.1 (0.03, 0.1) 0.1 (0.02, 0.1) <0.001 0.03

Peak torque (Nm)

PTEx60 40.9 (9.7) 44.4 (9.8) −1.6 (−5.2, 1.9) 0.09 0.36 10.5 (9.3, 11.8) 10.8 (9.7, 12.0) −0.6 (−2.1, 0.8) 0.75 0.40

PTFl60 19.6 (5.1) 24.4 (6.2) −4.1 (−6.4, −1.9) <0.001 <0.001 6.3 (5.7, 7.0) 5.2 (4.6, 5.9) 1.0 (0.1, 1.9) 0.02 0.03

PTEx180 31.9 (7.9) 36.1 (7.4) −2.8 (−5.7, 0.1) 0.01 0.06 7.4 (6.6, 8.2) 7.1 (6.4, 7.7) 0.3 (−0.6, 1.2) 0.54 0.57

PTFl180 16.9 (5.5) 22.1 (4.6) −4.5 (−6.5, −2.5) <0.001 <0.001 4.8 (4.2, 5.4) 4.1 (3.4, 4.7) 0.4 (0.5, 1.4) 0.10 0.35

Relative peak torque (Nm/Kg)

PTEx60 1.5 (0.3) 1.7 (0.3) −0.1 (−0.2, 0.03) 0.03 0.13 0.1 (0.1, 0.2) 0.1 (0.1, 0.2) −3.4 (−6.9, 0.2) 0.26 0.06

PTFl60 0.7 (0.2) 0.9 (0.1) −0.2 (−0.2, −0.1) <0.001 <0.001 0.1 (0.1, 0.1) 0.1 (0.04, 0.1) 1.5 (−1.3, 4.3) 0.08 0.30

PTEx180 1.2 (0.2) 1.3 (0.2) −0.1 (−0.2. -0.03) 0.001 <0.01 0.1 (0.1, 0.1) 0.1 (0.1, 0.1) −1.0 (−3.2, 1.3) 0.91 0.41

PTFl180 0.6 (0.2) 0.8 (0.1) −0.1 (−0.2, −0.1) <0.001 <0.001 0.1 (0.04, 0.1) 0.03 (0.02, 0.1) −1.0 (−3.4, 1.5) 0.048 0.44

Boys

Baseline Between-group differences baseline Annual changes Between-group differences annual changes

Cases (n = 76) Controls (n = 54) Adjusted difference (95% CI) P1-Value P2-Value Cases (n = 76) Controls (n = 54) Adjusted difference (95% CI) P3-Value P4-Value

Anthropometry (kg)

Height (cm) 129.4 (6.6) 130.0 (6.8) −0.2 (−1.8, 2.2) 0.62 0.83 5.5 (5.3, 5.6) 5.6 (5.4, 5.8) 0.1 (−0.2, 0.4) 0.32 0.53

Weight (kg) 28.4 (5.8) 27.8 (5.6) 1.2 (−0.6, 3.0) 0.54 0.20 3.5 (3.2, 3.8) 3.6 (3.3, 3.9) −0.004 (−0.5, 0.4) 0.71 0.88

BMI (kg/m2) 16.8 (2.5) 16.3 (2.1) 0.7 (−0.1, 1.5) 0.21 0.11 0.4 (0.3, 0.5) 0.5 (0.4, 0.6) −0.1 (−0.3, 0.1) 0.30 0.32
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Table 3 Muscle strength (Continued)

Lean body mass (kg)

Total Body 21.8 (3.1) 21.6 (2.9) 0.5 (−0.4, 1.4) 0.72 0.27 2.2 (2.1, 2.3) 2.3 (2.2, 2.4) −0.1 (−0.2, 0.1) 0.28 0.60

Legs 6.8 (1.3) 6.8 (1.3) 0.2 (−0.2, 0.6) 0.81 0.27 1.0 (0.9, 1.0) 1.1 (1.0, 1.1) −0.1 (−0.1, −0.02) 0.05 0.16

Arms 1.8 (0.4) 1.8 (0.4) 0.04 (−0.1, 0.2) 0.90 0.47 0.3 (0.2, 0.3) 0.2 (0.2, 0.2) 0.03 (−0.004, 0.1) 0.16 0.08

Fat mass (kg)

Total Body 3.8 (3.0) 3.7 (2.6) 0.3 (−0.7, 1.3) 0.81 0.56 1.1 (0.9, 1.4) 1.1 (0.8, 1.3) 0.1 (−0.2, 0.4) 0.62 0.57

Legs 1.7 (1.1) 1.6 (0.9) 0.1 (−0.2, 0.5) 0.66 0.40 0.5 (0.4, 0.6) 0.4 (0.4, 0.5) 0.01 (−0.1, 0.1) 0.64 0.90

Arms 0.3 (0.3) 0.4 (0.4) 0.1 (−0.2, 0.1) 0.27 0.41 0.1 (0.1, 0.1)) 0.1 (0.03, 0.1) 0.03 (−0.01, 0.1) 0.03 0.11

Peak torque (Nm)

PTEx60 43.9 (11.0) 44.6 (10.9) 0.6 (−2.5, 3.7) 0.71 0.70 9.8 (8.8, 10.7) 10.8 (9.6, 12.0) −0.8 (−2.5, 0.9) 0.17 0.36

PTFl60 21.8 (6.7) 25.0 (6.7) −2.4 (−4.5, −0.4) 0.01 0.02 7.1 (6.6, 7.7) 5.9 (5.3, 6.5) 1.9 (0.9, 2.9) 0.005 <0.001

PTEx180 35.9 (8.3) 35.8 (7.5) 1.1 (−1.1, 3.3) 0.90 0.34 7.0 (6.5, 7.5) 7.6 (7.0, 8.3) −0.4 (−1.3, 0.5) 0.15 0.42

PTFl180 19.3 (5.5) 23.0 (5.1) −3.2 (−4.9, −1.6) <0.001 <0.001 5.6 (5.1, 6.1) 4.3 (3.8, 4.8) 1.5 (0.5, 2.5) 0.001 0.004

Relative peak torque (Nm/Kg)

PTEx60 1.6 (0.2) 1.7 (0.3) −0.1 (−0.2, 0.01) <0.05 0.10 0.1 (0.1, 0.1) 0.1 (0.1, 0.2) −0.5 (−4.6, 3.6) 0.82 0.80

PTFl60 0.8 (0.2) 0.9 (0.2) −0.1 (−0.2, −0.1) <0.001 <0.001 0.1 (0.1, 0.1) 0.1 (0.06, 0.1) 3.2 (0.6, 5.8) <0.001 0.02

PTEx180 1.3 (0.2) 1.3 (0.2) −0.1 (−0.1, 0.02) 0.07 0.15 0.1 (0.1, 0.1) 0.1 (0.1, 0.01) 0.8 (−3.2, 1.6) 0.62 0.51

PTFl180 0.7 (0.2) 0.9 (0.1) −0.2 (−0.2, −0.1) <0.001 <0.001 0.1 (0.1, 0.1) 0.03 (0.03, 0.1) 3.1 (0.7, 5.5) <0.001 0.01

Baseline data and annual changes in the subsample of girls and boys who were measured. Baseline data are presented as unadjusted means with standard deviation (SD). Group comparisons of baseline data were
done unadjusted (p1) and adjusted for age at baseline (p2). Annual changes are presented as unadjusted means with 95% confidence intervals (95% CI). Mean difference, in annual changes, are presented as adjusted
mean (95% CI). Group comparison of annual changes is done unadjusted (p3) and (p4) adjusted for age at baseline, baseline parameter, annual change in height and Tanner stage at follow-up. Statistically significant
changes are bolded.
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our knowledge. Limitations include the lack of individual
randomization, a design not practically feasible due to
the school organization, the lower participation rate in
control schools, and the lack of registration of non-
organized PA during spare time and vacations. Another
weakness is the lack of leg length measurements, as leg
length is known to affect the outcome of knee extension
and flexion PT strength due to differences in muscle
moment arm [49]. We addressed this concern as best we
could by adjusting for differences in annual height
change.

Conclusion
A three-year physical activity intervention program in
pre-pubertal children improves muscular strength. More
school physical education should be implemented to im-
prove muscle strength, as this seems a feasible strategy to
reduce the number of fall and fractures in the long term.
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