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Antonijević, M.; Pekas, D.; Trajković,
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Abstract: Musculoskeletal fitness (MF) is a multidimensional construct that combines muscle strength,
endurance, and power to allow for the performance of tasks against one’s own body weight or an
external resistance. The aim of this study was to determine the effects of school-based programs
on promoting MF in children aged 6 to 10. PubMed and Web of Science databases were used as
searching tools. A total of 16 studies were included in a systematic review with primary school-based
program interventions measuring at least one variable related to musculoskeletal fitness. Parameters
for measuring explosive power, especially standing broad jump (SBJ), have a large potential for
development throughout school-based programs. Long-lasting interventions did not necessarily
improve MF; however, there were shorter interventions that caused the improvement in a larger
number of parameters. Our findings imply that increased physical activity during a school week,
together with improved lesson content, is crucial for MF development in this age group.
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1. Introduction

Musculoskeletal fitness (MF) is a multidimensional construct that combines muscle
strength, endurance, and power to allow for the performance of tasks against one’s own
body weight or an external resistance [1]. In recent years, MF has received a lot of research
attention. Several studies have investigated that in youth, MF is negatively associated with
the risk of cardiovascular disease, metabolic diseases [2–4], and obesity [5]. Additionally,
poor fitness in children is increasing global health concerns. This was confirmed by a
big Dutch study, which indicated that the performance in children aged from 9 to 12 is
declining [6]. Thankfully, Emaljanovas et al. [7] tested kids aged from 6 to 10, and the results
showed that MF increased over time (better results in older kids). However, there is a great
potential for children to improve their MF [8]. Moreover, children should learn about MF
because many health advantages are related to that field, including lower cardiovascular
risk factors, enhanced bone mineral density (lower chance of osteoporosis), better flexibility,
and improved glucose tolerance [9].

The facts mentioned above suggest that children have the potential to develop a health-
ier lifestyle with the right guidance. One of the most influential places that can significantly
contribute is the school environment. School-based fitness and exercise programs have
the ability to give useful evidence of children′s physical fitness levels at various ages [10].
School has a very important role, since children spend a significant part of their day in
class [11]. In addition, children can acquire the knowledge, skills, and attitudes required for
lifetime physical activity habits such as MF in physical education (PE) lessons. Moreover,
the World Health Organization says that with the schools’ support, all kids should be physi-
cally active, through games, sports, physical education, and planned physical activities [12].
The role of school-based exercise programs has been viewed as an important procedure
that needs the structuring of all time spent in school, beginning with planning the kids’
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activities as they arrive at school [13]. Unfortunately, few findings have been reported
specifically about school-based exercise programs in the last two decades promoting MF,
to the authors’ knowledge and as of the time this review is written. On the other hand,
some studies concluded that no significant development is observed when the variables
are obesity, sedentary behavior, and physical activity [14,15]. Moreover, most studies have
mainly focused on older children, and thus there is limited research investigating school-
based exercise programs in children aged 6 to 10. Therefore, it is important to understand
the mechanisms underlying MF, since muscle improvements come either with training
intervention or the biological maturity of the child.

The aims, designs, and methodological quality are given and critically analyzed. The
objective of this review was to summarize recent intervention studies with the aim of
promoting MF in children aged 6 to 10, carry out a systematic review where the research
gap is fulfilled in this area, and show the importance of MF in this age group. To the
best of our knowledge, no study has focused particularly on the age span of 6 to 10 years.
Moreover, we emphasized the importance of activities that strengthen only muscles. In
the last twenty years, new, modernized programs were introduced for developing MF in
children. Therefore, this study was carried out to investigate this unknown field.

2. Materials and Methods
2.1. Literature Identification

A systematic review was conducted using a PRISMA [16]. Academic databases
PubMed and Web of Science were searched from 2003 until May 2022 to identify original
research studies in English that investigated school-based exercise programs for promoting
musculoskeletal fitness in children aged 6 to 10 years.

The studies were identified by searching the key terms shown in Table 1. All search
levels 1–3 were connected to Boolean operators “AND”. Search terms within each search
level were merged with “OR”. Age limit was set to between 6 and 10 years in the search field
as well as the filter option for age limitation “Child: 6-12 years” in “PubMed”. Additional
filter options for age limits were not available in the Web of Science academic database. All
data were extracted and imported into the “Rayyan” web-based reference manager.

Table 1. Search strategy to identify articles.

Search 1 Search 2 Search 3 Filters

“school-based” OR
“school program”

“physical fitness” OR
“motor abilities” OR

“physical
performance” OR
“musculoskeletal

fitness” OR strength
OR exercise

6 to 10 OR 6–10 Child: 6–12 years

2.2. Inclusion Criteria

Articles examining school-based musculoskeletal fitness published in English between
2003 and May 2022 were included. Any type of review, narrative, systematic, or meta-
analysis was excluded. Studies that were conducted with participants below or over 6 to
10 years were also removed. Lastly, articles about children who have any type of health
problem were discarded. Furthermore, 16 studies were analyzed, as shown in Figure 1.
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Figure 1. PRISMA flow diagram.

2.3. Risk of Bias Assessment

Checklist was used to assess the quality and risk of bias by two independent authors
(M.A. and D.S). To examine the complete text and determine relativity and bias risk, k-
statistics data were used to estimate reviewer concordance. Blind ON option was enabled
in the “Rayyan” web tool while reviewing all articles. The received data were examined by
the third reviewer (S.P.), who also participated in the final judgment of the selection.

3. Results
3.1. Quality of the Studies

The study assessment scores were calculated using the total number of studies in-
cluded in the quantitative synthesis and the points each research received on the PEDro
scale [17] (Table 2).
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Table 2. PEDro scale results.

Criterion

Study 1 2 3 4 5 6 7 8 9 10 11 ∑

Serbescu et al. (2006) Y Y Y Y N N N Y Y Y Y 7

Sollerhed et al. (2008) Y N N Y N N N Y Y Y Y 5

Chiodera et al. (2008) Y N N N N N N N Y Y Y 3

Stenevi-Lundgren et al. (2009) Y N N Y N N N Y Y Y Y 5

Thivel et al. (2011) Y Y Y Y N N N Y Y Y Y 7

Siegrist et al. (2011) Y Y Y Y N N N Y Y Y Y 7

Sandercock et al. (2012) Y N N N N N N Y Y N Y 3

Detter et al. (2014) Y N N N N N N Y Y Y Y 4

Nobre et al. (2016) Y Y Y Y N N N Y Y Y Y 7

Larsen et al. (2017) Y Y Y Y Y Y Y N Y Y Y 9

Weber et al. (2017) Y N N Y N N N Y Y Y Y 5

Larsen et al. (2018) Y Y Y Y Y Y Y N Y Y Y 9

Strotmeyer et al. (2021) Y Y Y N N N N Y Y Y Y 6

Mačak et al. (2021) Y Y Y N Y N N N Y Y Y 6

Martinez-Vizcaiano et al. (2022) Y Y Y Y Y Y Y Y N Y Y 9

Comeras-Chueca (2022) Y Y Y Y N N N Y Y Y Y 7

Legend: 1—eligibility criteria; 2—random allocation; 3—concealed allocation; 4—baseline comparability; 5—blind
subject; 6—blind clinician; 7—blind assessor; 8—adequate follow-up; 9—intention-to-treat analysis; 10—between-
group analysis; 11—point estimates and variability; Y—criterion is satisfied; N—criterion is not satisfied; ∑—total
awarded points.

3.2. Selection and Characteristics of Studies

There were 1894 studies found after searching electronic resources and reading refer-
ence lists. A total of 1449 studies were examined after duplicates were removed. A total
of 64 studies were evaluated and selected for eligibility after 1385 research studies were
rejected due to inclusion requirements. Two articles were without retrieved reports; 62
were assessed for eligibility. The remaining articles were additionally screened with a
full-text read; after that, 16 articles were included in the final analysis, which are shown
in Table 3. The criterion for the analysis was to include all the found variables that relate
to MF. The used variables that included MF were explosive strength, isometric strength,
balance, flexibility, speed, and agility.

Fourteen studies from nine different countries (Romania, Sweden, Italy, France, Ger-
many, England, Denmark, Spain, Brazil) met the eligibility criteria. The sample of total
participants included in this review was 7887. The highest number of participants was
4500 [18], whereas the lowest number of participants was 70 [19]. All of the studies included
only male participants, except for the four studies [8,18,20,21], which included both male
and female participants, and one study which included only female participants [22]. The
longest intervention (36 months) was by [8] and [20], while the shortest (5 months) was
by [23]. In each study, there was a significant improvement in at least one tested outcome.
Moreover, only one study [24] included high-intensity interval training as a promotion
of the MS system in elementary schools. Most interventions were based only on improv-
ing MF through modified PE lessons. However, one study included additional nutrition
lessons [19], and one study included teacher education related to nutrition [25].
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Table 3. Participants, variables, interventions, and results of included studies.

First Author and
Year of Publication Sample of Participants PF Type for Intervention Duration of

Intervention Results

Number Age Months

Serbescu et al.
(2006)

N-370
M-178
F-192

9.5 ± 0.8
9.6 ± 0.4

FL, PLT, SaR, SBJ,
SUP, BAH,

extracurricular training
program, involving
moderate-intensity-

impact exercises

6

PLT * M; PLT * M
SBJ * M; SBJ * M

SUP * M; SUP ↑M;
BAH ↑M;

SBJ * F; PLT ↑ F; SAR
↑ F; SBJ ↑ F; SUP ↑ F;

Sollerhed et al.
(2008)

N-132
M-73
F-59

6–9 SBJ, SUP, HG,
BAH, B, PLT, BMI

school-based expanded
physical education 36 B ↑; PLT ↑; BMI ↑

Chiodera et al.
(2008)

N-4500
M-2207
F-2293

6–10 BMI, S, TF, SBJ,
SS, HCt,

professionally designed
physical education

program
12

BMI1st ↑M; BMI4th ↑
M; S ↑M; SF ↑; SBJ ↑

M; SBJ ↑ F;
HCt ↑M; HCtF ↑

Stenevi-Lundgren
et al. (2009) F-103 7–9 LM, FM; PT, VJ, daily PA 12 PT ↑; VJ ↑

Thivel et al. (2011) N-457 6–10 BMI, FFM, CPP AL 2/w 6 BMI ↑; FFM ↑; CPP ↑

Siegrist et al. (2011) N-724 8.4 ± 0.7 BMI, WC AL/m 12 WC ↑

Sandercock et al.
(2012) N-115 10.1 ± 0.3 BMI, HG, VJ CSCP 5 BMI ↑; HG ↑;

Detter et al. (2014)
N-223
M-130
F-93

6–9 CKS, LM, FM Daily PA 36 CKS ↑M; CKS ↑ F;
LM ↑ F; FM ↑ F

Nobre et al. (2016) N-59 7–9
HG, SBJ, SUP,

SaR, 20 m,
ST

PT 3 HG ↑; SaR ↑; SUP ↑;
SBJ ↑; ST ↑

Larsen et al. (2017) N-239 8–10 FL, SBJ, 20 m SSG, IR 10 IR20m ↑

Weber et al. (2017) N-70 9.0 ± 0.7 10 m, MBT, SBJ,
SUP, SaR AL 2/w 10 SBJ ↑; SUP ↑; SaR ↑;

Larsen et al. (2018) N-295 8–10 FL, SBJ, 20 m CST & SSG 10 FL ↑; SBJ ↑

Strotmeyer et al.
(2021) N-200 6–10 B, J, R MG 45 min 7 B ↑; J ↑; R ↑

Mačak et al. (2021)
N-164
M-83
F-81

6–7 HG, SBJ, SUP, SaR Daily PA 6 HG ↑; SUP ↑; SBJM ↑

Martinez-Vizcaino
et al. (2022) N-562 9.89 ± 0.71

WC, FM, BMI,
VAGI, SaR, HG,

SBJ
HIIT 9 SBJ ↑ F; SBJ ↑M

Comeras-Chueca
(2022)

N-29
M-16
F-13

10.07 ± 0.84 IKS, HG, VJ, LM AVG 5 IKS ↑; HG ↑; VJ ↑;
LM ↑

Legend: N—total number of participants; M—male; F—female; J—jump; R—run; B—balance; FL—flamingo
balance test; PLT—plate tapping; SaR—sit and reach; SBJ—standing broad jump; SUP—sit-ups; BAH—bent-arm
hang; BMI—body mass index; TF—trunk flexibility; CA—coordinative abilities; S—speed; HCt—Harre circuit
test; 1st—first grade; 4th—fourth grade; LM—lean mass; FM—fat mass; FFM—fat-free mass; IKS—isometric
knee strength; CKS—concentric knee strength; VAGI—velocity/agility; VJ—vertical jump; MBT—medicine ball
throw; HG—handgrip; 10 m—10-meter sprint; 20 m—20-meter sprint; MG—movement games; IR—interval
running; CPP—cycling peak power; WC—waist circumference; AVG—active video games; AL—additional
lessons; ST—agility square test; CST—circuit strength training; SSG—small-sided games; PT—plyometric training;
CSCP—community sports coaching program; HIIT—high-intensity interval training; ↑ significant improvement;
* significant improvement between groups.

Measured variables were assessed either with the complete Eurofit, Fitnessgram, or
Prefit battery test or partly divided as independent or alternative tests. Explosive power
of lower limbs was assessed with standing broad jump (SBJ) [18–21,24,26–29], with an
improvement in seven studies [18,19,21,24,26,28,29], and vertical jump [22,23,30], with an
increase in two studies [22,30]. Isometric strength was assessed with the dynamometry
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of hand grip [20,23,24,26,29,30], with an improvement in four studies [23,26,29,30], knee
flexion/extension, with an improvement in two studies [8,30], and bent-arm hang [20,21],
with an improvement only in the study by Serbescu et al. (2006) [21]; balance was measured
with the flamingo balance test [21,28,31], with an improvement only in the study by Larsen
et al. (2018) [28]; the ability of speed was determined with a 20 m [26–28] sprint test, with
an improvement only in the study by Larsen et al. (2017) [31], and a 10m [19] sprint test
without improvement; body composition parameters were evaluated with the body mass
index [18,20,23,24,32], waist circumference [24,33], fat mass [8,22,24], fat-free mass [32], and
lean mass [8,22,30]; flexibility was assessed with sit-and-reach tests [19,21,24,26,29], with
an improvement in three studies [19,21,26].

There were four studies [8,22,27,29] that had daily intervention PE lessons from 12 to
60 min in a range of 10 months to 36 months. Six studies [20,24,26,28,32,33] had no daily or
additional intervention but had modified PE lessons, with the span of their intervention
during the normal PE curriculum being 6 min to 45 min (min = 1, max = 4 per week) from
9 to 36 months. In intervention studies [19,21,23,25,32] in which experimental groups had
additional PE lessons (min = 1 − max = 2 per week), the frequency range of the lessons
was from 45 min to 60 min and 5 months to 12 months.

4. Discussion

This systematic review aimed to examine the effectiveness of school-based exercise
programs promoting muscle fitness in children aged from 6 to 10. The school environment
has long been considered the optimal location for MF promotion since children spend most
of their time in school. Primary schools should be the fundamental base for promoting and
developing musculoskeletal fitness among children. Overall, there were 16 intervention
studies that examined how school-based programs improve MF fitness after both short
and long interventions. The major findings of this systematic review show that most
of the studies that included explosive power of lower limbs in children were enhanced
after physical exercise programs in schools. These findings have significant clinical and
public health implications providing evidence-based data supporting the advantages of
school-based physical exercise as an effective strategy for improving musculoskeletal
fitness in children aged 6 to 10. Moreover, according to recent research, exercise enhances
muscle function [19,29,32–34], and certain intervention programs have been shown to have
excellent impacts on MF [24,26,27]. Furthermore, school-based programs promoting MF are
crucial in the childhood period since it is a sensitive period for physical development and
for establishing healthy habits, which can have an impact on later maturation, adolescence,
and adulthood.

Children with higher weight status have better performance in isometric strength
outcomes such as in handgrip tests [34]. As it is difficult to involve such a young schooler
in more complex exercises, tests for measuring isometric strength in elementary schools are
limited to handgrip and bent-arm hang (BAH) tests. Estimating repetitive strength is also
commonly used in elementary schools. Exercises such as sit-ups and push-ups are frequent
options when assessing repetitive strength. Our review focused on children aged 6 to 10,
and therefore, push-ups are unfeasible to perform at that age. On the other hand, Nobre
et al. [26] showed that plyometric training has a small-to-moderate effect size in improving
sit-ups (d = 0.39). The same authors assessed the impact of plyometric training on handgrip
strength with near-to-small improvement (d = 0.23). In the study by Sollerhed et al. [20],
bent-arm hang performance did not improve with expanded physical education lessons. In
contrast to that, Serbescu et al. [21] showed that an intervention of extracurricular training
involving moderate-intensity-impact exercises achieved progress in BAH performance. In
one study [26], plyometric training proved to be an excellent tool for enhancing the number
of repetitions and overall strength in sit-ups. Therefore, while there are numerous methods
to gain strength, the ideal for kids this age are activities that are simple for them to perform
and do not put them at risk for injury. Although these exercises for improving strength in
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children are basic and easy to perform, they are beneficial for overall health and especially
in MF development in children aged 6 to 10.

Explosive strength can be enhanced with the implementation of resistance training [35].
Serbescu et al. [21] showed earlier that various plyometric exercises can improve explosive
strength in boys and girls in primary schools. More recently, the results obtained by Weber
et al. [19] show that explosive power can also progress with the utilization of soccer training
sessions and aquafitness. On the other hand, they show no improvement in the explosive
strength of upper extremities when additional PE lessons are incorporated. Furthermore,
M N Larsen et al. [27] analyzed the positive effect of small-sided games on standing broad
jump, as well as circuit strength training. In contrast to the previous studies, Sollerhed
and Ejlertsson [20] found that expanded PE lessons do not have statistically significant
improvement in SBJ. Expanded PE lessons reveal plenty of benefits in MF; despite that, there
is a lack of evidence for progress in explosive power. On the other hand, Martinez-Vizcaino
et al. [24] conducted research with a focus on HIIT training effects in schoolchildren, and
concluded that there were no significant improvements in upper body strength but only in
lower extremities such as in SBJ. It can be affirmed that HIIT is a new, modernized program.
With HIIT, children can have positive outcomes in MF, and as [24] suggested, it can be
embedded in PE classes and can be incorporated into lots of interesting games. The reason
for poor MF in children could be a deficiency in resistance exercises with external load
or bodyweight exercises applied in elementary schools. In addition, the PE curriculum
needs important changes, not just to expand the duration of PE lessons but also to modify
exercise sets for developing muscle fitness. Therefore, different sports that include games
and interesting PE lessons can be a great addition for children to show better results in
explosive power. Furthermore, HIIT training is a new and modern program that can
contribute to children’s performance as additional training for the lower extremities.

The studies [19,21,26] revealed that with additional PE lessons, plyometric training
and moderate-intensity-impact exercises can improve MF in children, such as flexibility.
Moreover, expanded PE lessons improve BMI status, balance, and plate tapping [20].
Intervention that was conducted by [31] showed that small-sided football plus other ball
games had positive effects on running speed. Furthermore, Siegrist et al. [25] discovered
that with additional PE lessons, the average waist circumference of all children in the
intervention group decreased significantly, with the impact being stronger in overweight
and obese children. Therefore, more than half (54%) of the intervention group of overweight
children lowered their waist circumference. Children should be encouraged to exercise,
especially between the ages of 6 and 10 when they need to establish a routine and begin
exercising. Furthermore, awareness about physical exercise and its advantages should be
raised on a higher level in elementary schools as well as involving school-based programs
as a successful strategy for developing MF.

The main limitation of this review was dissimilar tests presented in articles for evalu-
ating MF. Furthermore, the participants of the analyzed studies were not homogeneous
considering the BMI of the tested children. On the other hand, the key strength of this
systematic review was that differences in biological maturity are not manifested in this
specific age group (6 to 10 years), which allows clearly determining which school-based
programs are most efficient for developing MF.

5. Conclusions

The observed results of this systematic review show that SBJ parameters developed
in the majority of studies with interventions that promote MF. Long-lasting interventions
did not necessarily improve MF; however, there were shorter interventions that caused the
improvement in a larger number of parameters. Our findings suggest that the improved
content of the lessons is important for a better development of MF in this age category, as
well as an increased volume of physical activities during one school week.
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