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ABSTRACT 

 

This systematic review and meta-analysis aimed to evaluate the effectiveness of 

interventions through Physical Education (PE) exercises on bone mineral content (BMC) 

and density (BMD) of children and adolescents. The research was conducted using the 

online electronic databases PubMed, Science Direct, Web of Science and Scopus (March 

2021). The analysis was restricted to school-based studies that examined the effect of PE 

interventions on BMC and BMD in schoolchildren (<18 years-old). Standardized mean 

differences (SMD) with 95% confidence interval (CI) and random effects models were 

calculated. The heterogeneity and inconsistency of the studies was estimated using 

Cochran’s Q-statistic and I2, respectively. Twenty-two studies with 2,556 participants were 

selected. PE interventions were associated with a significant increase in BMC 

(SMD=1.348; 95%CI, 1.053-1.643) and BMD (SMD=0.640; 95%CI, 0.417-0.862). 

Femoral neck subgroup analysis indicate an increase in BMC for boys (SMD=1.527; 

95%CI, 0.990-2.065) and girls (SMD=1.27; 95%CI, 0.782-1.767), and in BMD for boys 

(SMD= 0.518; 95%CI, 0.064-0.972) and girls (SMD=0.817; 95%CI, 0.349-1.284). Finally, 

increases are reported in the lumbar spine BMC for boys (SMD=1.860; 95%CI, 1.018-

2.700) and girls (SMD=1.275; 95%CI, 0.782-1.767). This meta-analysis provides insights 

into the effectiveness of interventions aimed at including physical exercise in PE on bone 

mass, suggesting that increasing the proportion of curriculum time allocated to PE may 

improve students’ BMD and BMC, especially in the femoral neck and lumbar spine. 

 

Keywords: School-based program; Sports; functional exercise; bone health; children 

 

What is already known? 

 Bone mass accumulation during childhood and adolescence is an effective way to prevent 

osteoporosis and maintain bone health in adulthood. 

 

 The annual incidence rate of hip fracture has been estimated as 1.29/1000 person-years in men and 

2.24/1000 person-years in women. 

 

 ‘‘Osteogenic’’ physical activities have an effect on bone structure mineral accumulation process by 

bone tissue’s self-organization 

 

What are the new findings? 

 Interventions in PE, via adding an exercise program increase bone density and content, especially 

in the femoral neck and lumbar spine, in children and adolescents. 

 Boys had greater increases in bone mineral content than girls. However, girls had greater increases 

in bone mineral density. 

 In the majority of interventions, the recurrent feature in PE classes was the insertion of a class period 

with high or moderate-intensity activities/exercises, comprising 3-5 sessions weekly. 

 The exercises most included in interventions were jumping, running, core exercises, coordination 

activities and different ball games. 

INTRODUCTION 
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Childhood and adolescence are critical periods for bone development. A review1 

focusing on peak bone mass indicated that 85-90% of final adult bone mass is acquired at 

18 and 20 years-old in girls and boys, respectively. Therefore, childhood and adolescence 

(especially in the years around peak height velocity) are critical times for bone mineral 

acquisition1,2 in both males and females, as in total, this represents approximately double 

the amount of bone mineral that will be subsequently lost, from 50 to 80 years of age2,3.  

Increasing bone mass accumulation during childhood and adolescence, especially 

during the peak of bone mass phase, has therefore been considered an effective way to 

prevent osteoporosis and maintain bone health in adulthood3–5. Approximately 20% of 

peak bone mass acquisition depends on environmental and lifestyle factors, such as 

physical activity, nutrition, physical fitness and sex hormone levels during puberty6,7. As a 

consequence, the WHO 2020 guidelines on physical activity and sedentary behaviour8 

indicate for children and adolescents at least 3 days a week of vigorous-intensity aerobic 

activities, as well as those that strengthen muscle and bone (in addition to 60 minutes a day 

of moderate-vigorous physical activity). 

However, even if children meet the daily amount of physical activity, a recent cross-

sectional study9 showed that the relationship between vigorous physical activity and bone 

health status is mediated by muscle strength and aerobic physical fitness, sprint speed, and 

fat mass (in different associations for boys and girls). Therefore, interventions aimed at 

promoting bone health must take these relationships into account throughout childhood and 

adolescence.  In this sense, interventions with children and adolescents to minimize the 

decrease bone mass in adult life (tracking) has been proposed10,11.   

Indeed, school settings may be important for the accomplishment of physical 

activities, once it is a policy-oriented environment to encourage healthy behaviours. 

Therefore, the inclusion, on Physical Education (PE) classes, of exercises that assure efforts 
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whose duration and intensity are conducive to the increase of bone mass, could be an 

important strategy for the health promotion12. Besides PE classes, the ingestion of calcium 

and D-vitamin, and hormonal factors13–16 appear to be potential approaches to increase 

peak bone mass for this age group17,18. A recent scoping review19 summarized the evidence 

of studies that implemented different osteogenic exercises in school PE classes, and 

although no meta-analysis has been performed, the result indicated that PE classes based 

on fun, organized and varied approaches, are opportune strategies for bone health 

promotion. These findings are reinforced by McKay et al.  (2005)20, Larsen et al. (2018)21 

and MacKelvie et al. (2001)22, who reported that the inclusion of simple exercises (e.g. 

jumps and sprints) and mini-sports-games in PE classes increased different indicators of 

bone mass.  

Despite the existing studies focusing on bone development in different contexts, the 

potential of PE for enhancing bone health has seemingly been neglected, even knowing 

that childhood and adolescence are periods in which long-term interventions (such as PE) 

could promote bone benefits throughout life, reducing the risk of fractures and the 

osteoporosis development2,3,5. To date, no systematic review with meta-analysis has been 

conducted to examine the association between interventions in PE with health-related bone 

outcomes.  The present study extends the understanding of this research field by 

quantifying the effects of PE exercises on bone mass using a meta-analytical approach. 

Without these evidence-based recommendations, improving children’s bone health cannot 

be provided for teachers or public health professionals. Therefore, this systematic review 

and meta-analysis aimed to evaluate the effectiveness of interventions through PE exercises 

on BMC and BMD of children and adolescents. 

 

METHODS 
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Protocol and Registration 

This systematic review is in agreement with the Preferred Reporting Items for 

Systematic Review and Meta-Analysis (PRISMA) guidelines23 and registered in the 

International Prospective Register of Systematic Reviews database (PROSPERO, number 

CRD42018080311). 

Bibliography research 

The strategy was designed around the PICOS question format – Do children and 

adolescents (Participants) who participate in an exercise-based PE program (Intervention) 

compared to those who do not (Comparator), differ in BMD and BMC (Outcome) in 

randomized clinical trials (RCT) or quasi or pre-experimental design (non-RCT) (Study 

design). The research was conducted using the online electronic databases PubMed, 

Science Direct, Web of Science and Scopus. No study date or participant demographic 

restrictions were imposed on the search criteria to ensure literature saturation. The search 

was conducted in 2018 July and reappointed in 2021 March. The search strategy was 

concentrated in terms of (i) effects of school-based interventions, (ii) physical education, 

(iii) BMD and BMC and (iv) children and adolescents (<18 years-old). The four elements 

were linked by the Boolean operators AND and OR. 

For the search procedure, we used the Descriptors in Health Sciences (DeCS): 

clinical trial; exercise; bone density; child; and adolescent. For the search procedure, the 

following sequences used for the search strategy in this order: (a) ((((“clinical trial”) AND 

(exercise)) AND “bone density”) AND (child OR Adolescents)); (b) (((exercise) AND 

“bone density”) AND (child OR adolescents)); (c) ((exercise) AND “bone density”). In the 

PubMed database, for the search strategy, the title (ti) or title and abstract (tiab) field was 

used, combined with DeCS terms. E.g. strategy (a) ((((“clinical trial”[tiab]) AND 
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(“exercise”[tiab])) AND “bone density” [tiab]) AND (“child”[tiab] OR 

“Adolescents”[tiab])). 

The "a" sequence was use in all databases. If there were no articles selected (result 

= 0) the sequence "b" was used, as well as later on "c" if there was a need. The searches 

were export in "bib" format files, which allowed the data to be imported and organize into 

the free Reference Management Software & Researcher Network (Mendeley) program. 

Eligibility criteria 

Studies were included when the following PICOS criteria were meet: (P) study 

conducted in healthy (i.e. no obese, disabilities, diagnosed medical condition)  children or 

adolescents aged <18 years-old; (I) interventions characterized by including some physical 

exercise in PE class or in addition to PE class with objectives for gaining muscular strength, 

power, velocity, endurance or agility; (C) Studies in which the control group received no 

structured type of physical exercise (just included the usual care or regular school 

curriculum); (O) an assessment of at least one of the following variables: BMC or BMD in 

anywhere in the body; (S) school-based studies with a RCT or non-RCT design; and articles 

published in English, Portuguese or Spanish. The exclusion criteria included specific 

studies with obese schoolchildren; bone area or bone metabolism as the only outcomes; 

and exercise intervention and calcium/D-vitamin intake. Studies with one or more 

exclusion criteria were excluded. 

Selection process  

Initially, the reviewers (J.M.) and (A.P.) identified through the title/abstract the 

articles obtained through the search based on the inclusion criteria according to PICO 

strategy. Then, the complete articles were screen and the exclusion criteria were applied. 

A third reviewer (A.G.) was request in case of divergence between the first two reviewers. 

In these cases, reviewer A.G. made a final decision on eligibility. 
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Extraction of data 

 Data extraction was performed in a spreadsheet, in which information was grouped 

into four domains: (i) descriptive data (sample size, mean age and sex); (ii) methodological 

(type and quality of the study); (iii) main effects found and (iv) main aspects of the 

intervention (types of exercises, intensity, volume and intervention period). If data could 

not be obtained from the full text or if clarification was required, authors were contacted 

by one reviewer. If sufficient data could not be obtained for a study, the study was excluded. 

To present the synthesis of study characteristics we use of the Graphical Overview for 

Evidence Reviews (GOfER) software24. 

Risk assessment of bias 

Two reviewers (J.M and A.P.) performed the bias risk assessments and in case of 

disagreement in the final evaluation, a new evaluation was performed by the third reviewer 

(A.G.) followed by discussion for a consensus. 

For the quality assessment of studies, we used the Delphi List25 as described by 

Verhagen et al. (1998)25, which includes eight questions with three response options ‘yes’, 

‘no’, or ‘do not know’ depending on the compliance with key methodological components, 

and produces a quality score that provides an overall estimate of study quality.  

Data analysis 

The pooled effect estimates were computed from the change scores between the 

baseline and the end of intervention, their SDs, and the number of participants. Data from 

intention-to-treat analyses were entered whenever available in the included studies. The 

authors were contacted through e-mails for unreported data, and if no answer returned or 

if the data requested were not available, the studies were excluded. 

Effect size was expressed as Cohen’s d26 and presented as standardized mean 

differences (SMD – a measure of effect, recommended to be used when a study reports 
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efficacy of an intervention on continuous measurements, especially in cases of different 

methods of measurement) and calculations were performed using random effects models. 

Each study was deleted from the model once in order to analyse the influence of each study 

on the overall results. In addition, a stratified exploratory analysis was performed using the 

same procedures as the main analysis, comparing the design type (RCT and non-RCT). 

Statistical heterogeneity of treatment effects among studies was evaluated by 

Cochran’s Q-statistic and the I2 inconsistency test; it was considered that values >50% 

indicated high heterogeneity27. Forest plots were generated to present the pooled effect and 

the SMD with 95% confidence intervals (CIs). Statistical significance was set at a p-value 

< 0.05. All analyses were performed using Comprehensive Meta-Analysis Software V.2. 

 

RESULTS 

 Study selection 

Using the search protocol, we identified 443 potentially eligible articles. Of these, 

268 were excluded on the basis of title and abstract. A further one hundred and fifty-eight 

full-text articles were identified as eligible (read in full). Of those, 136 articles were 

excluded for different reasons presented (Figure 1). Therefore, 22 studies were included in 

the systematic review and 21 in the meta-analysis. 

Insert Figure 1. 

 Study characteristics 

Complete details regarding study characteristics are presented in Figure 2. Several 

included studies originated from the same research project, so, they were described together 

in some sections. Seven studies are from POP study28–34, six studies are from the same 

project, but did not have a specific project title22,35–39, two studies are from the AS!BC 
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project40,41 and two studies are from the BUGSY study42,43. The other studies in the review 

are from different projects.  

Data of 2,556 schoolchildren were analysed in experimental groups (1,297 boys, 

1,197 girls and 62 children without sex identification). The control groups comprised of 

1842 participants (804 boys, 957 girls and 81 children without gender identification). Nine 

studies were conducted exclusively with girls and two studies with boys.   

Some studies presented results from the same research project, making it clear that 

the same participants are described in more than one study. The participants’ ages ranged 

from 6.8 to 11 years old at the baseline. However, one of the main characteristics is that all 

studies evaluated and controlled the data analysis by the maturational level of the subjects. 

Twenty-one studies evaluated maturation by Tanner stages and one study using maturity 

offset proposed to Mirwald et al. (2002)44. 

Bone mineral content and density measurement 

 The main variables assessed in all studies were BMC in grams, BMD (g/cm³) and 

aBMD (areal BMD in g/cm²), in this study both are described as BMD. The whole body 

was scanned in all studies, but different parts of the body were evaluated, such as, spine, 

lumbar spine, L3 vertebra, total body, femoral neck, trochanter, total body less head, 

proximal femur, narrow neck, distal forearm, calcaneus and distal radius.  

Twenty studies 21,22,36–39,42,43,45–48,28–35 assessed bone mass by dual-energy X-ray 

absorptiometry - DXA [(DPX-L version 1.3z; Lunar®, Madison, WI); (Hologic 

QDR/4500-A; Hologic, Inc., Waltham, MA, USA); (Luna Pixi, software version: 1.4 

CDMDD); (XR800, Norland Medical Systems, USA); (Lunar Prodigy; E Medical 

Systems, Madison, Wisconsin, USA); and (Hologic Discovery QDR Series; Hologic Inc., 

Bedford, MA, USA)]. Seven studies32–34,40,41,45,47 assessed bone mass by peripheral 

quantitative computed tomography - pQCT [(XCT 2000, Stratec, Pforzheim, Germany); 
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(XCT-3000, Stratec Medizintechnik GmbH, Pforzheim, Germany) for main measurement 

or additional assessments. 

 Characteristics of interventions  

Complete details regarding interventions are given in Figure 2. The main 

characteristic of the intervention programs was the insertion of a period of the PE class 

with activities of high or moderate-intensity (8 to 20 minutes) or an increase of the weekly 

volume of physical education classes (3 to 5 times per week) and the standard physical 

education classes used in the school curriculum (30-50 minutes). Each study described the 

intervention intensity, even though some studies have not made it clear whether the 

intensity was assessed objectively or subjectively. In this way, we classified the 

interventions from each study as moderate, moderate-vigorous or vigorous exercises 

(Figure 2). 

Eight studies28–34,46 offered an intervention program based on physical activities 

normally included in the school curriculum (e.g., running, jumping, climbing ropes and 

playing various ball games). Eleven studies22,35,48,36–39,42,43,45,47 included exercise programs 

during, before or after class. These programs involved weight-bearing exercises mainly 

(e.g., jumping, core movements, coordination and skill activities). Two studies40,41 

increased physical activity opportunities for children throughout the school day (e.g., 

jumping, dancing and playground activities). And one study21 used small-sided ball games.  

 Risk of Bias 

 Fourteen included studies satisfied at least 50% of the quality criteria (four or more 

quality criteria; Figure 2). Randomization criteria were conducted for 14 studies and 20 

studies described the eligibility criteria and presented similar results in the baseline. Just 

three studies conducted the intention-to-treat analysis. In addition, each question for all 
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studies is described in supplementary table 1. There was a significant publication bias in 

all analysis (all subgroups), as evidenced by I2 and Cochran’s Q-statistic results. 

 Change in bone mineral density and bone mineral content 

 General descriptions 

BMC was reported in the majority of studies in addition to BMD. Furthermore, the 

selected studies evaluated different body segments, which makes it difficult to accurately 

standardize the results. For boys and girls, the femoral neck and lumbar spine were reported 

in the vast majority of studies, giving data relating to BMC as well as to BMD. Because of 

this, the BMC in all body sites, femoral neck (BMC and BMD) and lumbar spine (BMC) 

were the only variables where data were sufficient to conduct a meta-analysis. Figure 2 

shows the reported effect of each intervention (just significant or not changes). In the 

results, the effect size is not presented as authors of each study only presented mean 

differences between pre and post-test or between experimental and control groups. 

Insert Figure 2.  

Meta-analysis results 

 Compared with the control conditions, PE interventions were associated with 

significantly greater values in BMC and BMD (moderate effect size in intervention group). 

Subgroup analysis revealed that boys demonstrated a larger increase in BMC than girls. 

These analyses also revealed that girls demonstrated greater increases in BMD than boys 

and overall results (Table 1 and supplementary figures 1 to 6). 

The exploratory analysis showed that the global effect stays the same when 

stratified by RCTs and non-RCTs. In the RCTs, the effect for BMC was a significant 

increase (SMD = 1.481; 95% CI, 1.123 to 1.838; p<0.001) and at BMD too (SMD = 0.621; 

95% CI, 0.379 to 0.863; p<0.001). In the non-RCTs the effect was a significant increase at 
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BMC (SMD = 1.077; 95% CI, 0.541 to 1.613; p<0.001) and at BMD (SMD = 0.685; 95% 

CI, 0.159 to 1.210; p<0.001). In these analyses, heterogeneity remained high (i² > 90%). 

The subgroup analysis for different parts of the body indicates that for boys’ 

femoral neck was available from 11 studies for BMC and 6 for BMD (Table 1 and 

supplementary figures 7 and 8). PE interventions were associated with a greater values 

(large effect size in intervention group) in femoral neck BMC compared with no 

intervention (SMD= 1.527; 95% CI, 0.990 to 2.065; p<0.001). There was high 

heterogeneity (I² =94%) and the analysis of publication bias for this outcome showed 

significant bias (p<0.001). Data concerning femoral neck BMD indicated that PE 

interventions were associated with an increase too (SMD= 0.518; 95% CI, 0.064 to 0.972; 

p=0.025) with high heterogeneity (I² =90%). The analysis of publication bias for this 

outcome showed significant bias (p<0.001). 

The analysis for girls’ femoral neck was available from 15 studies for BMC and 10 

for BMD (Table 1 and supplementary figures 9 and 10). PE interventions were associated 

with a greater values (moderate effect size in intervention group) in femoral neck BMC 

compared with no intervention (SMD= 1.27; 95% CI, 0.782 to 1.767; p<0.001).  There was 

high heterogeneity (I² =94%) and the analysis of publication bias for this outcome showed 

significant bias (p<0.001). Data concerning femoral neck BMD indicate that PE 

interventions were associated with an increase too (large effect size in intervention group) 

(SMD= 0.817; 95% CI, 0.349 to 1.284; p<0.001) and there was high heterogeneity (I² 

=91%) and the analysis of publication bias for this outcome showed significant bias 

(p<0.001). 

The analysis concerning lumbar spine BMC was available from 8 studies for boys 

and 12 for girls (Table 1 and supplementary figures 11 and 12). PE interventions were 

associated with a greater values (large effect size in intervention group) in lumbar spine 
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BMC compared with no intervention for boys (SMD= 1.860; 95% CI, 1.018 to 2.700; 

p<0.001) with high heterogeneity (I² =96%) and a significant bias (p<0.001). For girls, the 

result showed an increase too (high effect size in intervention group) (SMD= 1.275; 95% 

CI, 0.782 to 1.767; p<0.001) with high heterogeneity (I² =94%) and a significant bias 

(p<0.001). Conducting analysis for lumbar spine BMD was not possible due to a lack of 

sufficient studies. 

Insert table 1. 

 

DISCUSSION 

The purpose of this meta-analysis was to assess the effectiveness of interventions 

designed to include physical exercise in PE on the BMC and BMD of children and 

adolescents. The main findings of this study are the following: (1) PE interventions 

favourably increase  BMC and BMD; (2) Subgroup analyses show that the effects of PE 

interventions are greater in magnitude for boys than girls (i.e., effect sizes values are 

higher) in BMC; (3) girls show a greater increase than boys in BMD; and (4) the analysis 

of subgroups for body segments indicates a significant and high increase in neck femoral 

and lumbar BMC and femoral neck BMD in male and female participants, regardless of 

age and maturation status (at baseline). 

Our meta-analysis evaluated two different outcomes, while BMC is a measure in 

grams (g) of the amount of mineral present in the bone, BMD is a volumetric measure that 

involves, in addition to the quantity in grams, the size of the bone (volumetric BMD 

accessed by pQCT and aBMD accessed by DXA). The current study results indicated that 

boys seem to be more responsive to PE classes at BMC and girls at BMD. Indeed, the end 

of childhood is a phase in which boys experience the transition to puberty (approximately 

between 9 and 11 years old). For girls, this transition occurs earlier (between 7 and 9 years 
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old)1,49-50. In this sense, there is evidence indicating that during puberty, sex hormones are 

important to bone mass modulators, suggesting an osteogenic effect on trabecular bone49.  

This life period impacts bone, due to the beginning of the growth spurt (resulting in 

peak height velocity 2 or 3 years later), characterized mainly by the growth of long bones49. 

As approximately 37% of the total bone mass could be attained in puberty1, two factors 

can explain the different bone changes among boys and girls due to the effects of the 

interventions, they mature at different ages and proportions. This exponential growth can 

interfere with BMD measurements since boys naturally increase in size, the necessary 

amount of bone mineral may not keep pace with the growth rate for some determined time50 

and this was not analysed in the studies included in this review.  

In relation to the different growth proportion, during a growth spurt, the peak 

increment of calcium is greater, occurs later and lasts longer in boys than girls, explaining 

the fact that boys naturally have greater total accumulation of bone mass1,4,5. As a 

consequence, BMC may be a better variable to observe the intervention effects this time 

for boys. Conversely, in girls, being in a more advanced process of growth (where growth 

spurt starts earlier), their bones are probably already balanced in terms of the amount of 

mineral concerning their size, suggesting that BMD may be a more reliable measure for 

girls in this age group. Krabbe et al. (1979)50 observed that after the growth spurt in 301 

youths, linear growth slowed considerably while bone mineralisation rose steeply, 

suggesting that gonadal hormones are the initiators of the short-lived growth, with a visible 

effect on BMC. 

Literature reviews indicate that regions with a greater amount of trabecular bone 

(e.g., lumbar spine), normally respond better to exercise51. Some evidence justifies this by 

indicating that these regions are possibly more metabolically active52. However, other 

evidence also indicates that the increase in BMD in response to different exercises is 
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identified in regions with a greater amount of cortical bone (e.g., femur)37. These findings 

are in line with the results of the present meta-analysis, where the most striking results in 

the subgroup analysis were the neck of the femur (a significant amount of trabecular and 

cortical bone), for both BMD and BMC, and the lumbar spine only for BMC. 

These results are important public health indicators because the annual incidence 

rate of hip fracture has been estimated as 1.29/1000 person-years in men and 2.24/1000 

person-years in women53. In addition to the high incidence, the majority of people who 

suffer from this injury are elderly and the mortality rate in the year following the injury for 

this population varies from 12 to 27%54. In this sense, children and adolescents’ physical 

activity has been described as a strategy to improve the bone profile and prevent 

osteoporosis and the increased risk of fractures during adulthood55, as several studies have 

reported that active children, in comparison with non-active children, have greater bone 

mass, both in cross-sectional56 and longitudinal studies57.  

However, not all physical activities have equivalent influence on skeletal 

development5. Intense activities, especially those that produce an impact, seem to have a 

recognized osteogenic effect on bone14, due to osteogenic stimuli caused by the 

gravitational force and the intense action of muscles during impacts (piezoelectric effect of 

bones)51. A recent study58 investigated the influence of physical activity´s intensity and 

volume on bone mass and geometry in adolescents and adults (17-23 years-old). The 

authors58 highlighted that the activity´s intensity is key for bone mass, although the volume 

is important for hip geometry. This evidence indicates that the effect of physical activities 

on bone occurs specifically in places that support the stress of activity59. Therefore, it could 

be recommended that different high intensity activities should be performed, so that the 

piezoelectric effect caused by muscle contractions could act on a greater number of bones. 

These results are corroborated by a recent meta-analysis12 showing that higher vigorous-
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intensity physical activity is positively related to total body BMD among children and 

adolescents later in life. 

Our results indicate that specific activities that include all body segments must be 

present in school-based interventions, however, the role of different physical-sporting 

approaches to bone health are not fully understood. Some literature reviews that 

investigated the effect of different exercises on the bone indicators of obese, adolescents 

and adults indicate that the effects of interventions may vary according to the type of 

activity performed and the magnitude, speed and nature of the load applied17,59–60. 

Gunter et al. (2012)5 stated that activities with ground reaction force greater than 

3.5 times the bodyweight per leg, with peak strength occurring in less than 0.1 seconds, 

seem to promote greater osteogenic potential. In fact, our results evidence a high 

heterogeneity of procedures used in the analysed interventions. The intervention strategies 

of the included studies are very similar to those regularly reported in school-based studies 

with health outcomes8. Some studies have included sports as an addition to physical 

exercise. This strategy is appropriate because sports practice enhances student engagement 

in other physical activities. 

However, although most of the studies analysed in the present review do not report 

indicators of ground reaction force, the activities proposed in PE classes were 

predominantly composed of jumping activities, core exercises, coordination and skill 

activities, exercise circuit and small-sided games21,22,36–39,42,43,45–48,28–35. These intervention 

strategies seem to be adequate since health promotion, in general, must take into account 

other health components. Recently, a meta-analysis12 indicated that both the increase in the 

number of PE classes and the improvement in the quality of classes are associated with 

positive effects on several health indicators. This study also indicated that the inclusion of 

physical exercise circuits (fitness) seems to be the strategy that most promotes the most 
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positive effect on health12. These findings are corroborated by the results of the present 

review, where most studies used the exercise strategies mentioned above. 

 Strengths and limitations 

To our knowledge, this study is the first meta-analysis to quantify associations of 

interventions designed to improve PE with bone health indicators among children and 

adolescents. The findings of this meta-analysis emphasize the potential of intervention 

approaches within PE for public health benefit, as they show positive effects of PE on bone 

health and especially in key regions of the body (femur and spine). This evidence indicates 

that greater investments in PE may be have the potential to reduce people’s hip fractures 

and osteoporosis in the future. 

This study also has limitations: (1) the heterogeneity in the number of PE classes 

per week in the control groups and its duration; (2) the variety of strategies used during PE 

classes; (3) the outcomes assessed in different regions of the body, which does not allow 

accurate evidence from all included studies; (4) BMD was evaluated from different 

methods, some studies using the volumetric BMD (g/cm³) and others areal BMD (g/cm²), 

which makes it difficult to standardize these variables; (5) we were unable to check the 

ground reaction force of each intervention, what should be considered a limitation; and (6) 

the role of potential confounders in the meta-analysis (e.g., total physical activity and 

changes in the maturation level). 

 

CONCLUSION 

Collectively, the results of this systematic review and meta-analysis suggest that 

interventions conducted within school PE, that aimed to promote bone health, incorporate 

a combination of specific exercises (e.g., jumping, core movements, coordination and skill 

activities, dancing and playground activities) and mini-games of high intensity or 
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moderate-vigorous intensity and with a volume of 3 to 5 times a week. The meta-analysis 

demonstrated a moderate effect in global BMD and BMC. However, boys seem to be more 

responsive for BMC and girls more responsive for BMD. For both male and females, the 

results suggest moderate-high effects for the femur region and lumbar spine.  

While the current study suggests specific intervention within school PE result in 

positive benefits for bone health, those studies included presented high publication bias 

and high heterogeneity. As a consequence, additional, higher-quality studies are needed to 

provide more robust recommendations as to the most effective exercise prescription to 

enhance children’s bone health through school PE. 
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Table 1. Synthesis of Pooled Results in general and subgroup analysis. 
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Table 1. Synthesis of Pooled Results in general and subgroup analysis. 

Outcomes No. of studies (n) SMD (95% CI) p-value I2 
Q statistic 

p-value 

 General effects 

BMC 20 (3721) 1.348 (1.053-1.643) 0.000 96.07 0.000 

BMD 14 (2690) 0.640 (0.417-0.862) 0.000 90.45 0.000 

 General effects - Boys 

BMC 13 (1679) 1.446 (0.969-1.923) 0.000 96.67 0.000 

BMD 9 (1303) 0.423 (0.142-0.704) 0.003 87.46 0.000 

 General effects - Girls 

BMC 18 (2217) 1.283 (0.901-1.665) 0.000 95.64 0.000 

BMD 13 (1666) 0.791 (0.458-1.125) 0.000 91.84 0.000 

 Femoral neck effects - Boys 

BMC 11 (1230) 1.528 (0.990-2.066) 0.000 94.79 0.000 

BMD 6 (753) 0.519 (0.065-0.973) 0.025 90.93 0.000 

 Femoral neck effects - Girls 

BMC 15 (1302) 1.275 (0.783-1.768) 0.000 94.09 0.000 

BMD 10 (926) 0.817 (0.350-1.284) 0.001 91.57 0.000 

 Lumbar Spine effects in BMC 

BMC – Boys 8 (793) 1.860 (1.019-2.701) 0.000 96.02 0.000 

BMC - Girls 12 (900) 1.684 (1.054-2.315) 0.000 94.89 0.000 

n: number of studies; SMD: standardized mean difference; 95% CI: confidence interval 

of 95%; BMC: bone mineral content; BMD: bone mineral density. 
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Figure 1. PRISMA Flow Diagram. 
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