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INTRODUCTION

ABSTRACT

Purpose: This review examines the effects of physical activity and
exercise on bone mass/density [Bone Mineral Density (BMD), Bone
Mineral Content (BMC)], bone size, and fracture risk in children and
adolescents of both sexes.

Methods: This is a narrative (non-systematic) review. A literature
search was conducted in the PubMed database up to August 2025. Studies
evaluating the impact of exercise programs on BMD, BMC, bone size,
and fracture risk during childhood, adolescence, and later in adulthood
were included.

Results: Most studies reported a significant increase in BMC, aBMD,
and bone size in children and adolescents who participated in exercise
programs compared with control groups, with the pooled evidence
indicating that these effects are concentrated in prepubertal children. Fur-
thermore, regular physical activity during childhood and adolescence
was associated with a reduced risk of fractures not only during these life
stages but also later in adulthood. A transient increase in fracture risk
during the first year of intervention has been reported, and some trials
found no effect on fracture incidence.

Conclusions: Physical activity during childhood and adolescence en-
hances bone mass and bone size and is associated with a lower risk of
fractures across the lifespan. These findings support the integration of
exercise programs for children and adolescents as a preventive strategy
for fractures and for improving bone health.
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lescents of both sexes, before and after the onset

The present review investigates the effects of
physical activity and exercise on bone metabolism
and fracture risk in children and adolescents. In
particular, it focuses on changes in bone mass
and density [Bone Mineral Density (BMD), Bone
Mineral Content (BMC)], bone size, as well as
fracture risk during childhood and adolescence
and later in adult life. The analysis is based on
data retrieved from the PubMed database up to
August 2025 and includes studies examining the
effects of physical exercise in children and ado-

of puberty.

Effects of physical activity/exercise

on bone metabolism

Exercise influences the function of osteocytes,
as well as the osteoblastic and osteoclastic cell
lineages that regulate bone modelling and remod-
elling, that is, the process of bone turnover (1,2).
It has a beneficial effect on collagen synthesis
and on osteoblast proliferation (cells responsible
for bone formation), thereby positively affecting
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increases in bone mass and density, in combina-
tion with increases in bone size and a reduction
in fracture risk (2). Conversely, low levels or the
absence of physical activity/exercise are associ-
ated with enhanced osteoclastic activity (cells re-
sponsible for bone resorption) and inhibition of
osteoblastic processes (4), resulting in bone mass
loss and an increased risk of fractures. Specifi-
cally, physical exercise affects:

Vitamin D levels, by increasing the synthesis
of its active metabolite 1,25(OH)-D. The imple-
mentation of resistance exercise programmes
leads to a significant increase in serum 25(OH)D
levels (although not consistently across all stud-
ies), by upregulating the expression of the enzyme
la-hydroxylase, which catalyses the conversion
of serum 25(OH)D into the active metabolite
1,25(OH) D of vitamin D, as well as increasing
the number of vitamin D receptors in various tis-
sues, including bone tissue (3).It should, however,
be noted that athletes participating in several
sports (e.g. running, weightlifting, dance, taek-
wondo, football, hockey, among others) often ex-
hibit lower vitamin D levels (deficiency or in-
sufficiency) compared with individuals of the
same seX, skin colour, and age. This finding has
been associated with insufficient skin exposure
to sunlight, inadequate dietary intake, and other
related factors (4,5).

Parathyroid hormone secretion, with an in-
crease in its levels. It has been reported that pro-
longed, high-intensity exercise leads to increased
parathyroid hormone (PTH) secretion, which in
turn is associated with anabolic effects on bone.
This response is related to the enhanced expres-
sion of the enzyme 1a-hydroxylase, which catal-
yses the conversion of serum 25(OH)D to the ac-
tive vitamin D metabolite 1,25(OH) D that
participates in bone formation, in combination
with PTH action via parathyroid hormone-1 re-
ceptors [parathyroid hormone 1 receptor
(PTH1R)] on osteoblasts. Activation of these re-
ceptors enhances osteoblastic activity, ultimately
resulting in increased bone formation (6).Con-
versely, it has also been reported that exercise is
associated with an increased rate of bone forma-

tion combined with reduced bone resorption (i.e.
enhanced osteoblastic activity together with de-
creased osteoclastic activity), despite a significant
reduction in serum parathyroid hormone levels
(7).

On the secretion of pro-inflammatory cy-
tokines, which promote inflammation and en-
hance osteolysis [such as interleukin-1, inter-
leukin-6, among others, as well as tumor necrosis
factor-a (TNF-a)], physical exercise exerts an in-
hibitory effect on their secretion, thereby protect-
ing against bone mass loss (2).

On the RANKL (receptor activator of nuclear
factor kB ligand)/RANK (receptor activator of
nuclear factor kB)/OPG (osteoprotegerin) system,
exercise leads to a reduction in RANKL levels in
combination with an increase in osteoprotegerin
levels, thereby attenuating the process of osteol-
ysis. This occurs through a decreased rate of dif-
ferentiation of osteoclast precursors into mature
osteoclasts, together with reduced osteoclast ac-
tivity, ultimately limiting bone mass loss (1).

On the hypothalamic—pituitary—adrenal axis
as well as the hypothalamic—pituitary—gonadal
axis, exercise enhances the secretion of hormones
that exert beneficial effects on the differentiation
of osteoblast progenitor cells into mature os-
teoblasts, leading to an increased rate of bone
formation (2).

On the expression of myokines (produced by
skeletal muscle fibres during contraction) that
exert effects on bone tissue, exercise has been
associated with increases in myokines that posi-
tively influence bone metabolism—such as re-
duced myostatin levels and increased levels of
irisin, apelin-13, interleukin-6, and insulin-like
growth factor—while it may also be associated
with reductions in bone mass in specific contexts,
for example through increased secretion of inter-
leukin-15 (8-17).

From the above, it emerges that physical ac-
tivities and exercise (both aerobic and anaerobic)
exert inhibitory effects on bone resorption (oste-
olysis), by suppressing the differentiation of os-
teoclast precursors into mature osteoclasts and
inhibiting their activity, while simultaneously ex-
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erting stimulatory effects on bone formation
through enhanced osteoblast function and sur-
vival, leading to increased bone mass. Conversely,
low levels or the absence of physical activity may
result in reduced mechanical loading on bone tis-
sue, which is associated with enhanced osteo-
clastic activity and inhibition of osteoblastic
processes, ultimately leading to a reduction in
bone mass.

A substantial number of publications (includ-
ing reviews, meta-analyses, and original studies)
have reported greater increases in bone mass and
density [Bone Mineral Density (BMD), Bone
Mineral Content (BMC)] as well as bone size in
children and adolescents of both sexes, before or
after the onset of puberty, who received education
on physical activity importance or participated
in structured exercise programmes, compared
with control groups. Importantly, no adverse
events related to these programmes were reported
(18-35). Not all reports within this body of liter-
ature are concordant: one prospective study found
that vigorous physical activity was associated
with an increased fracture risk in children irre-
spective of bone mass (27). In these studies, in-
creases in bone mineral density were primarily
assessed using dual-energy X-ray absorptiometry
(DXA), at the whole-body level, in the lumbar
spine (L2-L4), at the hip (predominantly at the
femoral neck), and at other skeletal sites such as
the forearm and tibia. In many cases, increases
in bone mineral density were accompanied by
increases in bone size.

Effects of physical activity/exercise

on bone mass/density and bone size

Specker B. et al. (2015), in their systematic
review and meta-analysis of 22 studies involving
children and adolescents aged 3—18 years, re-
ported individual study sample sizes ranging from
16 to 410 participants, examined the effects of
physical exercise programmes of 3-36 months’
duration. They reported greater increases in bone
mineral content (BMC) and areal bone mineral
density (aBMD), with no between-group differ-
ence in bone area, in children and adolescents

who participated in exercise compared with con-
trol groups. Mean between-group differences in
BMC percent change were 1.7% at the lumbar
spine (95% CI 0.4-3.1; p = 0.01), 1.5% at the
femoral neck (95% CI 0.5-2.5; p = 0.003) and
0.8% at the whole body (95% CI 0.3-1.3; p =
0.003); the corresponding differences in aBMD
percent change were 1.2% at the lumbar spine
(95% CI 0.6—1.8) and 0.6% at the femoral neck
(95% CI 0.2—-1.1; p = 0.006). The authors con-
cluded that exercise produced a 0.6%—1.7%
greater annual gain in bone accrual, with effects
predominantly among prepubertal children, and
that heterogeneity in spine aBMD was reduced
when calcium intake and intervention length were
entered as covariates (20).

Lofgren B. et al. (2011) studied 446 boys and
362 girls aged 7-9 years who participated in a
physical activity education programme lasting 40
minutes per day for 3 years, and compared them
with 807 boys and 780 girls of similar age who
served as controls and followed the standard
Swedish curriculum of 60 minutes of physical
activity per week. In a subsample of the inter-
vention group (76 boys and 48 girls) and the con-
trol group (55 boys and 44 girls), bone mineral
density at the lumbar spine and hip was assessed
using DXA. All children were followed prospec-
tively for 36 months. Compared with the control
group, no significant differences were observed
in fracture incidence [mean rate ratio (RR) = 1.08;
95% CI: 0.71-1.62] or in absolute bone mineral
density measurements. However, the mean annual
increase in lumbar spine bone mineral density
was significantly higher in the intervention group,
by 0.9 SD in girls and 0.8 SD in boys (both p <
0.001), compared with controls (21).

MacKelvie K.J. et al. (2003) studied 32 girls
who participated in a jumping exercise program
for 10 minutes, three times per week, and 43 age-
matched girls who served as a control group.
Bone mineral content (BMC) was measured using
DXA at baseline and 20 months later for the
whole body, the lumbar spine, and the proximal
femur. The authors found a greater increase in
BMC in the exercise group compared with the
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control group at the lumbar spine (41.7% vs
38.0%) and at the femoral neck (24.8% vs
20.2%), both significant on analysis of covariance
(p < 0.05) (22). These figures are gains in bone
mineral content, not in bone mineral density.

Linden C. et al. (2006) studied 49 normally
developing girls aged 7-9 years who participated
in a school-based physical activity program last-
ing 40 minutes per day (200 minutes per week)
and 50 age- and development-matched girls who
served as a control group and followed the stan-
dard school physical activity curriculum in Swe-
den (60 minutes per week). All participants were
premenarcheal.

Bone parameters were assessed using dual-
energy X-ray absorptiometry (DXA), including
bone mineral content (BMC, g) and areal bone
mineral density (aBMD, g/cm?). Measurements
were performed for the total body (TB), the lum-
bar spine (L2—-L4 and L3), the femoral neck, and
the tibia. In addition, volumetric bone mineral
density (vBMD, g/cm?) and bone size were as-
sessed at the femoral neck and L3. Compared
with the control group, the intervention group
demonstrated a greater annual increase in BMC
at L2-L4 (mean difference 3.8 percentage points;
p =0.007) and L3 (mean difference 7.2 percent-
age points; p < 0.001); the difference at the tibia
did not reach significance (mean difference 3 per-
centage points; p = 0.07). This was accompanied
by a significantly greater annual increase in
aBMD at the total body (mean difference 0.6 per-
centage points; p = 0.006), L2-L4 (1.2 percentage
points; p = 0.02), L3 (1.6 percentage points; p =
0.006), and the tibia (1.2 percentage points; p =
0.007). Furthermore, greater increases in bone
size were observed in the intervention group at
L3 (mean difference 1.8 percentage points; p <
0.001) and at the femoral neck (0.3 percentage
points; p = 0.02), along with a greater increase in
volumetric bone mineral density [mean differ-
ence: 0.24 SD; p = 0.002] (28).

Bradney M. et al. (1998) studied 20 boys
(mean age 10.4 years; range 8.4—11.8 years) who
participated in a moderate-intensity weight-bear-
ing exercise training program (30 minutes, three

times per week for 8 months) and compared them
with 20 age-matched boys who served as a control
group. Bone mineral content and bone size were
assessed using dual-energy X-ray absorptiometry
(DXA) at baseline and at the end of the interven-
tion. The authors observed a significantly greater
(approximately twofold) increase in bone mineral
content in the exercise group compared with con-
trols at the total body, lumbar spine, and lower
extremities (p < 0.05). In addition, cortical bone
thickness at the femoral diaphysis increased sig-
nificantly (p < 0.05), accompanied by a significant
increase in volumetric bone mineral density
(vBMD:; p <0.05) (30).

Fuchs R.K. et al. (2001) studied 89 prepubertal
children aged 5.9-9.8 years who were randomly
assigned to either a jumping exercise group (25
boys and 20 girls) or a control group (26 boys
and 18 girls) that participated in low-intensity,
non—weight-bearing stretching exercises for 7
months. Bone mineral content was assessed using
dual-energy X-ray absorptiometry (DXA) at base-
line and at the end of the intervention at the lum-
bar spine and the femoral neck.

Using analysis of covariance (ANCOVA), the
authors found a greater increase in bone mass in
the exercise group compared with the control
group (4.5% vs 3.1% overall), with a trend toward
significance at the femoral neck (p = 0.08) [the
source reports significant gains at both the spine
and the femoral neck — figures to be re-checked].
No adverse events related to the exercise program
were reported (31).

Valdimarsson et al. (2006) studied 53 girls
aged 7-9 years who participated in a school-
based exercise program lasting 40 minutes per
day and compared them with 50 healthy age-
matched girls who followed the standard school
physical activity curriculum of 60 minutes per
week (control group) for one year. Bone mineral
content and bone width were assessed using dual-
energy X-ray absorptiometry (DXA) at the lum-
bar spine, the femoral neck, the tibia, and the
total body. The authors reported a significantly
greater annual increase in BMC in the interven-
tion group compared with the control group,
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amounting to 4.7% at the lumbar spine and 9.5%
at L3 (both p <0.001). In addition, the annual in-
crease in bone width was 2.9 percentage points
greater in the intervention group than in the con-
trol group (p < 0.001) (34).

Maintenance of increased bone mass
despite reductions in the intensity and
frequency of physical activity at later ages
Bass S. et al. (1998) studied 45 premenarcheal
girls (mean age 10.4 = 0.3 years) and 36 retired
female gymnasts who had previously participated
in regular physical activity, and compared them
with 50 women in a control group (mean age 25
+ 0.9 years). Bone mineral density was assessed
using dual-energy X-ray absorptiometry (DEXA),
including measurements expressed as standard
deviations (SD) and Z-scores. Higher bone min-
eral density was observed in the physically active
girls compared with controls, ranging from 0.7
to 1.9 SD (p <0.01), with corresponding Z-scores
showing significant correlations (r = 0.32-0.48;
p values between <0.04 and <0.002). Over a 12-
month period, the annual increase in bone mineral
density was 30%—85% greater (total body, lumbar
spine, and lower extremities) in prepubertal girls
engaged in physical activity compared with pre-
pubertal girls in the control group (p < 0.05 for
all sites). Among the retired gymnasts, greater
increases in bone mineral density were also ob-
served compared with women in the control
group. Notably, no decline in bone mineral den-
sity was detected after retirement (mean 8 =+ 1
years since cessation of training, range 1,5-20
years), despite a reduction in the frequency and
intensity of physical activity and exercise (29).

Association between increases in bone

mineral density and lean body mass

in children and adolescents participating

in physical exercise programs

McKay H.A. et al. (2000) studied 144 girls
from 10 elementary schools who were preme-
narcheal or in the early postmenarcheal period.
Participants were randomly assigned to either an
exercise intervention group (n = 63), which pri-

marily involved jumping exercises performed
twice weekly, or to a control group (n = 81) that
received regular physical activity—related educa-
tion, for a duration of 8 months. Areal bone min-
eral density (aBMD) was assessed using dual-
energy X-ray absorptiometry (DXA). A
significantly greater increase in aBMD was ob-
served in the intervention group compared with
the control group at the femoral trochanter (4.4%
vs 3.2%; p <0.05). This difference remained sig-
nificant after adjustment for potential con-
founders, including dietary calcium intake, base-
line aBMD, and changes in height and lean body
mass at the end of the study (32).

Similarly, Morris F.L. et al. (1997) investigated
71 premenarcheal girls aged 9—10 years who par-
ticipated in a high-impact physical exercise pro-
gram for 10 months (n=38) and compared them
with age-matched girls in a control group (n=33).
Bone mineral density was measured at the lumbar
spine, the hip, and the total body using DXA.
Multiple linear regression analysis demonstrated
significantly greater increases in bone mineral
density in the exercise group compared with con-
trols at all measured sites (lumbar spine: 4.8% vs
1.2%; hip: 12% vs 1.7%; total body: 3.5% vs
1.2%). These increases were associated with a
greater increase in lean body mass at the end of
the intervention period (33).

Association between the duration

of physical activity and annual increases

in bone mineral content and vertebral

width in children

Lindén C. et al. (2007) studied 81 boys aged
7-9 years who participated in a school-based ex-
ercise program lasting 40 minutes per day and
compared them with 57 healthy age-matched
boys who followed the standard school physical
activity curriculum of 60 minutes per week (con-
trol group) for one year. Bone mineral content,
aBMD and vertebral width were assessed using
dual-energy X-ray absorptiometry (DXA) at the
lumbar spine, the femoral neck, the tibia, and the
total body.

The intervention group demonstrated a sig-
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nificantly greater annual increase in BMC at the
lumbar spine (mean difference 5.9 percentage
points; p <0.001), a greater increase in areal bone
mineral density (aBMD) at L3 (mean difference
2.1 percentage points; p = 0.01), and a greater
increase in vertebral width at L3 (mean difference
2.3 percentage points; p = 0.001) compared with
the control group.

Overall, exercise duration was positively cor-
related with greater mean annual increases in
bone outcomes at L3, including BMC (r = 0.26;
p = 0.003), L3 aBMD (r = 0.18; p = 0.04), and
vertebral width at L3 (r = 0.24; p = 0.006) (35).

Reduction in fracture risk in children,

adolescents, and adulthood

Participation in physical activity programs
during childhood and adolescence has been as-
sociated with a reduced risk of fractures during
childhood and adolescence, as well as later in
young adulthood (25,36-45). Two of these trials,
however, reported improved skeletal traits without
any accompanying effect on fracture incidence
(44,45).

Fritz J. et al. (2016) studied 3,534 children
aged 6-8 years who were allocated by school (a
prospective controlled, non-randomised design)
to either an intervention group (n = 1,339) that
participated in moderate-intensity physical activ-
ity for 40 minutes per day or a control group (n =
2,195) that followed the standard school physical
activity curriculum of 60 minutes per week, over
a period of 7 years. In a subsample of 264 chil-
dren, bone mineral density was assessed using
dual-energy X-ray absorptiometry (DEXA). The
annual fracture incidence rate ratio (IRR) was
lower in the physical activity group compared
with the control group (r=—0.79, p = 0.04), with
a marked reduction observed by the seventh year
(IRR =0.52; 95% CI: 0.27-1.01). In addition, a
greater increase in lumbar spine bone mineral
density was observed in the intervention group
compared with the control group (mean difference
0.03 g/cm?) (25). It should be noted, however,
that during the initial phase of participation (e.g.,
the first year), a transient increase in fracture risk

compared with control groups may be observed,
likely attributable to a higher risk of injuries such
as falls (25,36). Subsequently, a progressive an-
nual reduction in fracture risk has been reported
(25,36).

Coster MLE. et al. (2017) analyzed data from
1,339 children who participated in a physical ac-
tivity program and 2,195 children in a control
group (all aged 6-8 years) from five schools in
Malmo, Sweden, during the period 1998-2012.
The intervention consisted of daily moderate-in-
tensity physical activity for 40 minutes over 8
years. The control group followed the Swedish
national physical activity curriculum of 60 min-
utes per week. Radiographically confirmed frac-
ture risk was assessed using annual fracture inci-
dences and incidence rate ratios (IRRs). During
the first year after the start of the intervention, an
increased fracture risk was observed in the inter-
vention group compared with controls [IRR =
1.65; 95% CI: 1.05-2.58]. However, in subse-
quent years, the annual fracture risk decreased
by 15.7% per year (95% CI: 5.6%—26.8%) rela-
tive to the control group. After 8§ years, the inter-
vention group showed a 52% reduction in fracture
risk compared with controls [IRR = 0.48; 95%
CI: 0.25-0.91] (36). This reduction is likely at-
tributable to a combination of increased bone
mineral density [areal bone mineral density
(aBMD)] (25,46), enhanced muscle strength (47),
and a lower risk of falls/injuries due to improve-
ments in balance and motor control (48).

Notably, reduced fracture risk has also been
reported in former athletes (40—43), and the ben-
eficial effects of physical activity are largely
maintained over time, although they diminish sig-
nificantly when exercise is not continued
(41,49,50).

Limitations

This is a narrative rather than a systematic re-
view: a single database (PubMed) was searched,
no formal inclusion or exclusion criteria were
pre-specified, no record counts are reported, and
the methodological quality and risk of bias of the
included studies were not formally appraised.
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Several of the trials cited here (references 21, 25,
28, 34, 35, 36, 44 and 45) originate from the
same Malmo Pediatric Osteoporosis Prevention
cohort, so the evidence base is less independent
than the number of citations suggests. Most in-
terventions were short (7 months to 3 years) rel-
ative to the skeletal outcomes of interest, and few
reported beyond the end of the intervention. Bone
outcomes were assessed almost exclusively by
DXA, which yields areal rather than volumetric
density and is therefore confounded by the con-
current change in bone size that exercise itself
produces; where volumetric density or peripheral
quantitative computed tomography data were
available they are noted, but such data are sparse.
Finally, dietary calcium and vitamin D intake,
energy availability and pubertal staging modify
the skeletal response to loading and were incon-
sistently reported across the primary studies.

Practical considerations

The trials summarised here converge on brief,
high-impact, weight-bearing loading — typically
jumping or circuit activities of 10 to 40 minutes,
performed on at least three days per week, inte-
grated into the school curriculum. Effects appear
to be site-specific and largest before the onset of
puberty. Adequate calcium and vitamin D intake
and adequate energy availability should accom-
pany any such programme; in adolescents, and
particularly in female athletes, high training loads
combined with low energy availability (relative
energy deficiency in sport) can reduce rather than
increase bone mineral accrual, and this should
be screened for.

CONCLUSIONS

Evidence from multiple publications, includ-
ing reviews, meta-analyses, and original studies,
indicates that participation in physical activity or
exercise programs leads to greater increases in
bone mass/density [Bone Mineral Density
(BMD), Bone Mineral Content (BMC)] and bone
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