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Abstract: School-based interventions have reported effectiveness on back health; however, there are
no specific guidelines for teaching body mechanics and posture in primary and secondary schools.
To identify, describe, and analyze the educative features of randomized controlled trials (RCTs) on
back health developed to date in the school setting, a systematic review was performed following the
preferred reporting items for systematic reviews and meta-analyses (PRISMA) recommendations.
RCTs exclusively focused on educational setting electronic databases included PubMed, EMBASE,
PEDro, Web of Science, SPORTDiscus, ERIC, and MEDLINE on the Ovid platform. Databases were
searched for potentially eligible studies from the earliest date up to 18th March 2020. A total of
584 records were obtained from the database searches. A total of six articles that applied inclusion
criteria were assessed for eligibility. All of these studies found improvements in postural habits
and the level of knowledge with regard to back health, as well as a reduction in the prevalence of
back pain. None of the studies used the student-centered method, and three studies used evaluation
instruments with a pilot validation. Research on RCT interventions concerning back health in the
school setting is scarce. None of the interventions applied a constructivist or student-centered method.
The use of validated and standardized assessment instruments is required.

Keywords: randomized controlled trial; back health; education; teaching; methodology; systematic review

1. Introduction

Non-specific low back pain (LBP) is a serious and common health problem affecting a
large part of the world’s population in all age groups [1], including children and adoles-
cents [2]. A current study carried out on adolescents found an overall prevalence of low
back pain of 46.7% (95% CI: 44.27 to 49.11), reporting a prevalence 42.0% (95% CI: 36.63 to
43.41) per boys and 58.0% (95% CI: 49.73 to 56.51) per girls with a statistically significant
difference [3].

School-based interventions have reported effectiveness related to back health [4].
Hence, many authors have advocated for implementing back health interventions in
the school setting [5] to prevent the high prevalence of back pain (BP) in children and
adolescents [6], as well as the association of adolescent LBP in adulthood [7]. Among the
contents that address the interventions are the improvement of knowledge, posture habits,
and the practice of physical exercise [8].

According to Johnson and Deshpande [9], schools have an enormous potential to help
students develop the knowledge and skills they need to be healthy. Schools are one of the
leading social institutions with the responsibility of promoting health. Consequently, it
seems important that back health content be more present in the school curriculum [10].

However, for a long time, there have been no specific guidelines for teaching body
mechanics and posture in primary and secondary schools [11,12]. Nevertheless, many
authors consider this to be important [13–16]. Rather, the studies carried out show diverse
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research methodologies and the use of heterogeneous evaluation tools, which do not allow
the defining of a gold-standard procedure [8,17].

Most educational interventions are focused on the biomedical model used by phys-
ical therapists, or similar experts, and as treatments to prevent pain [17,18]. In addition,
normally, homeroom and physical education teachers are included in the teaching pro-
cess but from a traditional transmission model found in teacher-centered teaching [19].
Teachers, in addition to being specialists in the teaching area, have been shown to carry
out interventions on back health in the school setting with success [5,20]. Furthermore,
it is possible that teachers and students use alternative teaching methods, such as the
student-centered approach, which is aligned with constructivist teaching to learning in
which learners actively create, interpret, and reorganize knowledge in individual ways [21].
Hence, providing health education helps people change their attitude and behavior to-
wards healthier lifestyles, raises awareness, and empowers and encourages people to take
care of their own health [22]. This can also be related to the moral aspect in healthism where
the individual is responsible for managing risks to their own health [23]. Some examples
of interventions that followed these approaches used the self-management program in the
school setting [24–27].

Previously, systematic reviews have been proposed concerning back health interven-
tion in school-age children [28]. These reviews discuss the effectiveness of the interventions
that deal with back health knowledge, postural habits, and exercise. However, none of them
have exclusively addressed randomized controlled trials (RCTs) and focused primarily on
the educational setting. In order to provide the community with the most rigorous and
robust evidence in relation to what has been achieved concerning back health education
interventions and how we can proceed in classrooms, this systematic review aimed to iden-
tify, describe, and analyze the educative features of RCTs on back health developed to date
in the school setting. As a research question, we ask ourselves what methodologies and
educative contents use school-based RCTs related to back health? Based on the literature,
we hypothesized that there are few high-quality interventions (RCT), they do not present
uniform research methodologies and standardized assessment instruments, and they do
not delve into the pedagogical or didactical approaches.

2. Materials and Methods
2.1. Study Design

A systematic review (SR) was performed following the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) recommendations [29].

2.2. Eligibility Criteria

Randomized controlled trials (RCTs) were considered for inclusion if they took place
in the school setting and involved a sample of children or adolescents (6 to 18 years old).
RCTs had to involve children and adolescents with or without LBP and evaluate strategies
to prevent the onset or development of BP. Outcomes had to include back health knowledge
or postural habits.

2.3. Information Sources

Electronic databases included PubMed, EMBASE, PEDro, Web of Science, SPORTDis-
cus, ERIC and MEDLINE on the Ovid platform, and they were searched for potentially
eligible studies from the earliest date up to 18th March 2020. Moreover, the reference lists
of previous systematic reviews were checked. Articles that were not written in English or
Spanish were excluded.

2.4. Electronic Search Strategy

An example of the search phrase with the key words and Boolean operators can be ob-
served in Table 1. The search was applied in all fields and was limited for language reasons.
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Table 1. Electronic search strategy.

Bolean Operators

Education or Elementary Education or Primary School or High School or Secondary School

Child * or adol * or student or Young or youth
Back pain or low back pain or back health
Randomized Controlled Trial
(#1) and (#2) and (#3) and (#4) and (#5)

Complete phrase: (Education or elementary education or primary school or high school or secondary school)
and (Child * OR adol * or student or Young or youth) and (Back pain or low back pain or back health) and
(Randomized Controlled Trial).

2.5. Study Selection

Two authors independently followed the process for selecting studies in three phases.
(1) Identification: all titles and abstracts identified by the electronic search were reviewed
to determine their potential relevance for the review. (2) Screening: all inclusion criteria
were applied to the full text of the articles that passed the first eligibility screening. (3)
Eligibility: the risk of bias in all eligible RCTs was evaluated. Disagreements were resolved
by consensus, and, where necessary, by a third author (Figure 1).
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2.6. Data Collection Process

Two authors independently extracted data from all eligible studies using standard-
ized forms. Extracted data included the following: sample characteristics (author, setting,
participant source, study groups, mean age, gender proportions, and follow-up); details
regarding didactic intervention programs (e.g., teaching methodology, profession, interven-
tion program, educative contents, duration of intervention, and assessment instruments);
and baseline and follow-up outcome data (e.g., back health knowledge, postural habits,
physical exercise and back pain).

To analyze the teaching methodology, we differentiate between the student-centered
method and the teacher-centered method [30], as well as the biomedical model and the
alternative model [18].

2.7. Risk of Bias in Individual Studies

The PEDro scale [31] was used to evaluate the risk of bias in all eligible RCTs. Available
scores for eligible trials reported on the PEDro database were used. Only two studies
were not available [32,33]. When the study was not available on the PEDro database,
two previously trained authors independently scored the trial using the PEDro scale.
Disagreements were resolved by Delphi consensus [34].

The authors suggested that scores of <4 are considered “poor”, 4 to 5 are considered
“fair”, 6 to 8 are considered “good”, and 9 to 10 are considered “excellent” [35,36].

3. Results
3.1. Study Selection

A total of 584 records were obtained from database searches (Figure 1). Two reviewers
independently excluded 567 articles after screening the titles and abstracts, and removing
duplicate references. The full text was consulted when needed. After the first Delphi
rounds, full agreement was reached. No additional RCTs were identified via other sources.
A total of six articles that applied inclusion criteria were assessed for eligibility. Two studies
were not available on the PEDro database [32,33]. Regarding the risk of bias, three studies
scored 5 points on the PEDro scale, considered “fair”; two scored 6 points, considered
“good”; and one scored 9, considered “excellent” (Table 2). A total of 466 articles were
obtained from PubMed, followed by SPORTDiscus (n = 44), Medline (n = 38), Web of
Knowledge (n = 27), Embase (n = 9), ERIC (n = 0), and PEDro (n = 0).
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Table 2. Risk of bias in individual randomized controlled trials (RCTs).

RCT Eligibility
Criteria

Random
Allocation

Concealed
Allocation

Baseline
Comparability

Blind
Subjects

Blind
Therapists

Blind
Assessors

Adequate
Follow-up

Intention-to-
Treat

Analysis

Between-
Group

Comparisons

Point
Estimates and

Variability
PEDro

Scores (10)

[37] 0 1 0 1 0 0 1 0 0 1 1 5
[32] 1 1 0 1 0 0 0 1 1 1 1 6
[38] 1 1 1 1 0 0 0 0 1 1 1 6
[33] 1 1 1 1 1 0 1 1 1 1 1 9
[13] 1 1 0 1 0 0 0 1 0 1 1 5
[39] 1 1 0 1 0 0 0 1 0 1 1 5

aPEDro score. Each satisfied item (except the first item) contributes 1 point to the total PEDro score (range = 0–10 points).
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3.2. Study Characteristics

All the included studies recruited participants from a school setting according to
the inclusion criteria. The sample sizes ranged from 137 to 708 students, with a mean
age ranging from 8 to 12 (Table 3). One study included children from only one age
group [33]. All the studies included both genders in the sample, but in one intervention,
no co-education schools were included (separate schools for boys and girls) [32]. In four
of the studies [13,32,33,39], the sample was assessed with a follow-up after 3 months; in
the other two studies, the sample was only assessed in the pre-test and post-test [37,38]
(Tables 3 and 4).

Appendix A (Table A1) summarizes the characteristics of the didactic intervention
programs of the six included studies in the systematic review [13,32,33,37–39]. All the
studies described the educative contents. All six studies deal with conceptual contents
concerning back health (Figure 2); however, these contents were only assessed in three
studies [32,33,37]. Only one study performed a pilot validation of the instrument, carrying
out content validity by students and experts, and reporting Cronbach’s alpha (0.84) test for
reliability [32]. Regarding postural habits (Figure 3), four studies dealt with procedural
contents in their programs and assessed them [13,32,37,39]. Three studies performed pilot
validations of the respective evaluation instruments concerning postural habits, showing
good agreement in content validity and good reliability [13,32,39]. Each study used its own
tools to make assessments, and these were different for each study. None of the studies
applied procedures to assess construct validity (hypothesis testing and structural validity)
and criterion validity (tests regarding whether a measurement is consistent with a criterion
gold standard, measured at the same time) [40] or studied error measurements using two
rounds of the same test [41].

Regarding core muscles endurance (Figure 3), only two studies included proce-
dural contents on physical exercises to improve the physical condition of the trunk
muscles [37,38], but only Dullien et al. [37] assessed them. The duration of the inter-
ventions ranged from 1 h to 7 lessons (Figure 4). Only in one study [37] did teachers
participate actively to administrate posture training awareness at school; however, most
teachers did not write down the number of exercises as the study period progressed. The
didactic approach used was the teacher-centered method [30] in all the studies. Moreover,
those responsible for carrying out the theoretical and practical lessons were the members
of the research groups. They used the direct instruction technique, also determined by
the short time available for teaching. In some cases, mandatory physical exercises were
demonstrated by the experts and carried out by the students at home [37,38].
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Table 3. Sample characteristics RCTs.

Author and Funding Setting Participants Groups Mean Age (SD) Gender Follow-Up

Clinicians and sport teachers,
funding of EUR 10,000 [37]

Two schools or German
“gymnasiums”

n = 176
10–12 y
5th grade

4 classes IG (n = 96); 4 classes CG
(n = 86); cluster-randomized IG: 10.6 ± 0.44; CG: 10.5 ± 0.43 100 G; 76 B -

Clinicians with funding [32]
Elementary school children; no
co-education schools in Iran; Iran’s
south-eastern city of Zahedan

n = 404
10–11 y
5th grade

IG (n = 203); CG (n = 201); 25–30
students/classroom; 4 schools each of
boys and girls; systematic random
sampling method from each list

- IG: 101 G, 102 B; CG: 104 G, 97 B 3 months

Physiotherapy [38]
Seven primary schools; North Shore,
City district, Auckland North region,
New Zealand; 2011 academic year

n = 708
8–11 y

4 schools with IG (n = 469); 4 schools
with CG (n = 239) IG: 9.4 ±0.63; CG: 9.3 ±0.64 IG: 48%; CG: 49% -

Clinicians with funding [33]
Twelve schools, (six public, four
concerted, and two private) in
Majorca, Spain

n = 456
8 y

6 schools for IG (n = 266, 53.5%); 6
schools for CG (n = 231, 46.5%) - IG: 121 G (45.5%); CG: 116 G (50.2%) 3 months

Physical education university
teachers [13]

Six classes from two primary schools
in Majorca, Spain

n = 137
10–12 y
5th–6th grades

3 classes IG (n = 63);
3 classes CG (n = 74) 10.72 ± 0.672 IG: 33 B, 30 G; CG: 38 B 36 G 3 months

Physical education university
teachers [39]

Six classes from two primary schools
in Majorca, Spain

n = 137
10–12 y
5th–6th grades

3 classes IG (n = 63);
3 classes CG (n = 74) 10.72 ± 0.672 IG: 33 B, 30 G; CG: 38 B 36 G 3 months

Y: year; G: girls; B: boys; IG: intervention group; CG: control group

Table 4. Baseline and follow-up outcome data.

Study Knowledge Postural Habits Physical Exercise Back Pain

BL ST IT BL ST IT BL ST IT BL ST IT

[37] IG: 14.42 ± 3.03; CG:
14.80 ±5.05

IG: 17.17 ± 2.84 *;
CG: 14.57 ± 4.42 - IG: 5.7 ± 1.9 *;

CG: 6.1 ±1.7
IG: 8.2 ±2.0 *;
CG: 7.7 ±2.1 -

Sit-ups,
IG: 20.52 ± 4.55;
CG: 18.29 ± 4.42

Sit-ups,
IG: 20.00 ± 4.89;
CG: 19.64 ± 4.69

- IG: 26.7%; CG: 24.4% IG: 52.6%;
CG: 68.4% -

[32] IG: 43.4 ± 12.93; CG:
47.0 ± 12.76

IG: 74.5 ± 19.60 *;
CG: 48.1 ± 13.78

IG: 60.5 ±
24.32 *; CG:
39.6 ± 15.89

IG: 53.3 ± 16.34;
CG: 54.7 ± 13.57

IG: 75.8 ± 18.58 *;
CG: 56.0 ± 16.43

IG: 65.5 ± 20.34 *;
CG: 49.2 ± 14.37 - - - LBP, 18.3% (n = 57) - -

[38] - - - - - - - - - LBP, IG: 46% (n = 218);
CG: 47% (n = 112)

LBP, IG: 16%
(n = 58); CG:
24% (n = 43)

-

[33] IG: 7.0 (IQR 6; 8); CG:
8.0 (IQR 7; 9)

IG: 9 (IQR 8; 9) *;
CG: 8 (IQR 7; 9)

IG: 9 (IQR 8;
10) *; CG: 9
(IQR 8; 9)

- - - - - - - - -

[13] - - - IG: 3.4; CG: 3,7 IG: 4.2 *; CG: 3.9 IG: 4.0 *; CG: 3.6 - - -
LBP, IG: 28.6%
(n = 18); CG: 32.4% (n
= 24)

- -

[39] - - - IG: 2.174 ± 0.959;
CG: 2.581 ± 0.811 IG: 2.7 *; CG: 2.45 IG: 2.62 *; CG: 2.5 - - -

LBP, IG: 28.6%
(n = 18); CG: 32.4%
(n = 24)

- -

BL: baseline; ST: short term; IT: intermediate term; * significant differences; LBP: low back pain; IQR: interquartile ranges.
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3.3. Individual Studies

Most of the studies identified in this section assessed outcomes, such as knowledge
about back health, postural habits, core muscles endurance, and back pain, and recorded
these as an outcome (Table 4).

3.4. Knowledge Improvement

In the three studies that assessed knowledge about back health [32,33,37], the results
indicate that only the intervention group (IG) significantly improved their knowledge from
the pre- to the post-test, and in two studies, the effect remained significant 3 months after
the intervention [32,33].

3.5. Postural Habit Improvement

All the studies registered improved postural-habit performance between the pre- and
post-test, with no differences between the IG and the control group (CG) [13,37,39]. Only
in the water crate-carrying task was a significant difference at post-test between the groups
found [37], and in Habybabady et al. [32], differences between the IG and CG were found
both in the post-test and 3 months later.

3.6. Core Muscles Endurance Improvement

The only RCT that assessed core muscles endurance [37] studied the effects of exercises
involving push-ups, sit-ups, a balance test, standing and reaching, and hanging on wall
bars. They concluded that there was no significant improvement in core muscle endurance
due to the low frequency of school training.

3.7. Back Pain Prevention

One study reported adverse events associated with the intervention [37]. The results
showed that the back pain rate increased at post-test. Only one study of the remaining
five [38] reported the effectiveness of the interventions in terms of LBP prevalence. The
intervention group reported significantly fewer episodes of LBP and significantly fewer
lifetime first episodes of LBP compared to the control group. The other studies did not
provide any more data to corroborate this [13,32,39]. In Kovacs et al. [33], no data were
found on the reliability of the 8-year-old subjects’ reports on the history of LBP. Therefore,
history of LBP was not gathered.

4. Discussion

This systematic review aimed to identify, describe, and analyze the educative features
of RCTs on back health developed to date in the school setting in order to discover what
methodologies and contents were used in order to teach this subject matter. In addition,
with this review, we intend to provide teachers and researchers with tools to question the
selected activities, assessment instruments, and the choice of the teaching method to use to
address back health in schoolchildren.

In the first step of the SR, database searches (Figure 1), it can be seen that the number
of RCTs concerning back health in the school setting was very low, accepting the first
hypothesis. In order to obtain enough studies, Bettany-Saltikov et al. [28] decided to
include prospective non-randomized studies with a control group. In the present SR,
it was decided to analyze only the randomized studies to identify and provide strong
evidence of “what works” in relation to educational programs and interventions [42]. RCTs
include significant and rigorous process evaluations in their research designs; provide an
equivalence between the intervention and the control groups, which ensures that all of the
other potential factors that may influence the students’ progress are likely to be evenly
distributed across the two groups; and include a consideration of the potential impact of
context in relation to exploring how intervention effects could vary for different subgroups
of students. Moreover, evidence confirms that it is possible to conduct RCTs in education,
regardless of the nature of the educational context or of the particular type and focus of the
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intervention under consideration [43]. The dominant paradigm in educational research
is based on qualitative methodologies (interpretive paradigm) in order to understand the
multifarious interactive processes in the classroom; however, RCTs/quantitative research
and qualitative research can be paired [42]. Moreover, it should be remembered that
educational researchers have used the RCT procedure for a much longer period of time
than therapeutic researchers [44]. This may explain the observation that more RCTs are
required to be able to address a specific guideline properly.

Regarding the sample of the studies, our purpose was to inquire about all RCTs
carried out in the educational field of primary and secondary education; for this reason,
we covered ages between 6 and 18 years. It should be noted that all the RCTs were aimed
at the primary educational stage (Table 2). However, there are also studies on younger and
older ages, but they were not included because they were not RCTs. Their comparison
would have been important to determine the differences in the interventions between one
stage and the other. It is known that from the ages of 10 and 14, episodes of discomfort due
to LBP begin to be experienced in a significant way [45,46], which may have repercussions
in adulthood [7]. This makes us think that it is key to be able to intervene before, during,
and after this significant peak to prevent such repercussions. On the other hand, it seems
that the child–teenager stages are more suitable for learning and assimilating habits related
to health and active lifestyles [16,47,48]. Moreover, regarding the advantages obtained by
applying these back care intervention programs in primary schools, worth highlighting
are the possibilities of offering prolonged and continuous feedback and involving a high
percentage of the school population [49,50].

Four out of the six studies in the SR performed a follow-up 3 months after the inter-
vention (Table 2). In the school setting, we need to collect data at key transition points from
the same individuals over time as well as over extended periods of time. Cross sectional
data collected on repeated times enables us to observe the effects of knowledge improve-
ment, the assimilation of postural habits, and lifestyle changes. Longitudinal methods
may provide a more complete procedure to research, which allows an understanding of
the variation of outcomes over time [51]. As can be seen in the interventions that the
improvements remained over time, although they decreased with respect to the post-test.
This indicates that the interventions are effective, but that knowledge and habits about
back health require a longer procedure, which could well be achieved cross-sectionally and
throughout the entire stage of primary education and continued into secondary education,
an aspect that we believe should be considered in the future specific guidelines.

The conceptual contents selected by the different educational programs [13,32,33,37–39]
(Table 3) focused on the following: anatomical knowledge of the back and spine; fundamen-
tals of LBP risk factors; the promotion of good posture; movement versus static postures;
ergonomics and postural hygiene; good and bad posture while sitting; alternative sitting
variations to promote dynamic sitting; healthy backpack habits (wearing, carrying, and
weight); healthy lifting and carrying; back-friendly sports; nutrition; advice concerning tak-
ing responsibility for their spine; handing out the Comic Book of the Back; the promotion of
physical exercise; strengthening exercises for the core muscles; and mobilization/stretching
exercises to improve muscular tensions and shortenings. At this point, we believe it is
important to highlight the resource proposed by Cardon et al. [16] to create 10 principles
that summarize all of these theoretical contents, facilitating their teaching and learning.

The procedural contents selected by the different educational programs focused on the
following: posture awareness training, such as dynamic sitting involving changing posi-
tions as being relevant; healthy lifting and carrying, which was explained by examples such
as correct lifting by bending the knees for the consistent distribution of weight; standing;
and pushing and pulling demonstrations. Concerning core muscle endurance [37], static
and dynamic exercises involved the following: the plank, the crunch, hip lifts, flexion of the
back muscles, ball exercises, balance, breathing and relaxation [13,39], and joint mobility
exercises, emphasizing moving the back through the full range of specific adherence-
enhancing strategies [38]. The most complete educational content program could be found
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in the study by Dullien et al. [37]. There, the contents related to the concepts, the practice
of postural habits, and physical exercises developed for the improvement of core muscle
endurance, accompanied by an appendix, are described in detail. We see a fairly complete
selection of content amongst all of the programs, although the resources of education are
much broader, and back health can be addressed in many more ways. For example, one
can make use of body expression or dramatic play [16]; sports; sensory-perceptual abilities,
such as postural attitude, postural scheme, and balance; and a multitude of educational
games that integrate the contents of back health [5]. For these reasons, we believe that the
specific guideline that can be created in the next future should contemplate all of these
educational contents and propose a sequencing of them throughout the educational stage
of primary and secondary education.

With regard to the assessment tools, only one study used an instrument with pilot
validity and reliability to evaluate knowledge [32]. Regarding postural habits, three studies
performed pilot validations [13,32,39]. To the best of our knowledge, there are few assess-
ment instruments concerning knowledge and postural habits that have been validated
and published with their respective psychometric analyses and discussions [52–55]. If
researchers agree to use a single set of postural metrics, it might provide clearer evidence
about which treatments work best and why [17]. Therefore, this confirms the second
hypothesis of the study that stated that intervention programs do not present uniform
research methodologies and standardized assessment instruments. In this sense, a specific
guideline could determine a reference methodology that standardizes the intervention
protocols in the educational field, allowing some flexibility to be adapted to the context of
each case.

If RCT interventions on back health in the school setting, with a duration ranging
between one hour and seven sessions, were found to be effective in improving knowledge,
postural habits, and reducing LBP but with losses observed in the follow-up, it might
be understood that educative interventions on back health should be longitudinal and
compulsory in the curriculums during primary school.

The intervention programs included theoretical and practical classes, with the excep-
tion of the study by Kovacs et al. [33], which only handed out a didactic resource to the
children, the Comic Book of the Back, and did not apply teaching methodology to address
this. Moreover, those responsible for giving the lessons were the members of the research
groups. It is indicated that the researchers came to the educational centers for between four
to seven sessions to offer theoretical and practical explanations, respectively [13,32,37–39].
Some studies specify the use of theoretical posters [37] and theoretical pamphlets [32],
while others detail the order of the sessions, with specific timings and the activities the
students had to do. However, due to the short time available and the non-intervention of
the teachers, the classes had to follow a teacher-centered teaching style or method (TCM). In
some cases, mandatory physical exercises were shown and demonstrated by the experts for
the students to carry out at home [37,38]. This confirms the third hypothesis that referred
to the fact that the studies did not delve into the explanation and details of the pedagogical
or didactic approaches used. In a quasi-experimental study on back health, the authors
indicated the use of a methodology based on student-centered teaching (SCT) through
guided discovery and active hands-on methods, such as games and dramatic play [16].
Should the interventions include education professionals who are knowledgeable about
the different methodologies? Would it make sense for work teams to be multidisciplinary?
Only one study [37] was made up of a multidisciplinary team, and the teachers participated
actively to administrate posture training awareness at school; however, most teachers did
not write down the number of exercises as the study period progressed.

Constructivist and student-centered approaches to pedagogy have spawned a wide
variety of different active learning modes, strategies, and techniques to carry out contents.
For example, as learning modes, we could highlight cooperative learning, collaborative
learning, problem-based or inquiry learning, service learning, experiential learning, partici-
pant learning, etc., with most of them being developed in the school setting [30]. These
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learning modes require varied-group organization, group learning, small group work,
peer-assisted learning, peer-tutoring, workshops, educative corners, internships, commu-
nity service, field work, or outside-of-class collaboration. Strategies such as cooperating
in order to attain a common goal, mutually relying upon the resources provided by dif-
ferent members of the group, and engaging in face-to-face interaction will be key to the
development of these approaches [30]. In addition, analysis, synthesis, interdisciplinary
exploration, self-observation, evaluation, the ultimate application of information, and
reflection techniques are used.

It seems that despite reform initiatives, traditional teaching still dominates education,
with instructors or teachers mainly considering themselves as transmitters of knowledge
with traditional beliefs about teaching and learning [56]. Nowadays, students are expected
to be prepared with competencies empowering them to think analytically and critically,
solve realistic problems, reflect on what they know, work in collaboration with others,
and manage their own learning [57]. In student-centered learning (SCL), the students are
placed at the center of teaching and learning, taking an active role in their own learning as
contrary to the high level of teacher control and educational content found in TCM [19].
SCT focuses on how students learn instead of how teachers teach. In a learner-centered
classroom, teachers abandon master classes, lecture notes, lecture-based classrooms, and
power point presentations for a more dynamic, participatory, engaging, collaborative
style of teaching [58]. Teachers may act as facilitators, guides, navigators, and co-learners,
encouraging students to take responsibility for learning while modelling learning processes
and providing opportunities to develop their learning skills. For reform to be successful,
it needs to be systemic, simultaneously addressing all interdependent components of
the educational system, most importantly the curriculum; professional development and
school culture-revisions carried out on only one component would result in failure unless
concomitant changes are made to all of the other components [59].

Only in two studies [13,38] were teachers familiarized with the study and data collec-
tion procedures in a short information session prior to the school visit. In order to improve
the interventions and the knowledge of the students, over the last two decades, a growing
body of international research in teacher education has focused on the significance, effec-
tiveness, and chances associated with learning communities (LC) [60] and communities
of practice [61]. Along the same lines, it also seems important to identify whether the
interventions have taken into account teacher training and the type of training that has
been carried out. Moreover, it is important to know whether the intervention program has
established the basic principles for implementing the intervention program and if there
is any loyalty procedure for the intervention in order to standardize it and explain how
the educational activities and methodologies are taught. Research on teaching and teacher
education has improperly ignored research questions dealing with the content of taught
lessons [62]. For these reasons, Shulman introduced a new concept called pedagogical
content knowledge (PCK), which refers to teachers’ interpretations and transformations of
subject matter knowledge in the context of facilitating student learning. Understanding
more about teachers as learners, what they need to know, and how they learn their craft can
help to clarify the role of formal teacher training in regard to learning in order to teach [63].
Balague et al. [20] proposed that teachers must be trained for the correct development
of back health programs in the school setting. Teachers are a key agent in this matter. A
trained teacher has the ability to promote student learning of physical literacy, because
students spend many hours sitting during the school day [64].

Finally, it should be noted that no interventions based on the comprehensive model
have been found. The determinants of health indicate that in order to bring about changes
in people’s health, it is necessary to carry out comprehensive interventions that take
into account interdisciplinary and multidisciplinary facets [65]. Health should not be
approached in isolation, but rather, it depends on many agents in society, as advocated by
the socioecological model [66].
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Starting from these RCT interventions, based mainly on the biomedical model, it is
important that the educational community join this field of study to complement it, since it
has a direct application in their field of work, as suggested by several other authors [18,20].
The studies are based on the prejudice of presenting students as “sick” or “future sick”.
This medical viewpoint conditions the orientation of the work conducted with the students
and does not allow the student to be introduced to the complex learning process. For
example, the study by Hill and Keating [38] presents, from an educational point of view,
a very reductionist view of the intervention in which it only evaluates the evolution of
back pain. Thus, the educational purpose is not to avoid diseases exclusively, but to better
understand our body to adapt to different situations and thus be able to achieve the highest
possible level of well-being.

As future lines of research, prior training of teachers who apply the interventions
and the follow-up is required. In addition, the contents of back health from a more
constructivist methodology should be applied, in which the student is the protagonist
of the teaching-learning process. Moreover, the standardized development and selection
of a set of validated and reliable evaluation instruments is required. Subsequently, the
development of specific guidelines for the teaching of back health in primary and secondary
education would be of great help to educational communities.

Regarding implications for school health, clearly, this systematic review aims to be a
valuable tool for the entire educational community, and especially for physical education
teachers, to better understand how to address back health education in the school setting.
In addition to the selection of randomized controlled trials, teachers will be able to review
the summary and selection of contents and designs of the intervention programs carried
out. On the other hand, the teaching community is encouraged to implement postural
education in schools.

5. Conclusions

Research concerning RCT interventions on back health in the school setting is scarce.
The main educational contents on back health seem to have been identified; however,
none of the interventions applied a constructivist or student-centered method. The use of
validated and standardized assessment instruments is required. Teachers should consider
back health as a transversal content, approaching it over the years from a comprehensive
model. We suggest developing interventions related to back health at school age to improve
the pedagogical content of knowledge so that the educational field, and its professionals,
can help us improve its application in field work.
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Appendix A

Table A1. Details regarding didactic intervention programs.

Study Teaching Methodology Professionals Intervention Program Educative Contents Duration of Intervention Assessment Instruments

[37] TCM
Multidisciplinary: orthopedic residents,
psychologists, sports scientists, and
teachers.

Three parts:
1. Knowledge improvement through
five lessons on back care, which was
held by a teacher with the provided
material.
2. Posture awareness training and
improvement in the classroom with
three posters.
3. Reducing muscular imbalance of the
core muscles through mandatory back
and abdominal muscle exercises at the
beginning of each lesson.

Focused on anatomical knowledge of the back and spine, good and bad posture
while sitting, healthy backpack habits, healthy lifting and carrying, and back-friendly
sports and nutrition.
To promote good posture, it was explained that dynamic sitting involved changed
positions as being relevant. Healthy lifting and carrying were explained by examples,
such as correct lifting through bending of the knees for consistent distribution of
weight, etc.
Back-friendly sports, such as swimming and skating, were introduced, as well as the
importance to reduce sitting behavior.
Posture awareness training consisted of three posters mounted in the classroom. The
first poster showed alternative sitting variations to promote dynamic sitting. The
second poster showed strengthening exercises for the core muscles. The third poster
showed mobilization/ stretching exercises to improve muscular tensions and
shortenings. All of these exercises could be performed at the pupils’ desks. At least
one of the stretching and one of the strengthening exercises had to be performed at
the beginning of a school day and at another time chosen by the teacher on an
individual basis. The teachers had been given calendars to note how often the
posture awareness training was administered per day. However, most teachers did
not write down the number of these exercises as the study period progressed.
For the mandatory back and abdominal muscle training, every participating physical
education teacher received an exercise collection with a detailed description of every
exercise. There were static and dynamic exercises. The static exercises should be
completed three times, with each position held for 15–20 s. For the dynamic exercises,
each one should be conducted with 15–20 repetitions. All exercises were explained in
written form, as well as with a photo showing its correct execution. Examples of the
exercises involved the following: plank, crunch, hip lifts, flexion of the back muscles,
and ball exercises.

Five lessons.

Motor testing (push-ups, sit-ups, balancing on one leg
on a T-shaped bar to assess postural control and
balancing skills, stand-and-reach test, and “Holding
onto wall bars” test) quantifies upper body muscle
endurance.
Back-behavior trial: four tasks. task 1—lifting, carrying,
balancing on a marked line, correct turning, and
putting down a mineral water crate; task 2—packing a
backpack correctly, not exceeding individual weight
limit, correct positioning, carrying the backpack on
both shoulders, and adjusting it on the back correctly;
task 3—demonstrating four different sitting positions
which could improve postural dynamism; task
4—demonstrating two strengthening exercises for the
abdominals and back muscles, with one flexibility
exercise. Forty points were available.
Clinical exam with an orthopedic surgeon.
Health questionnaire.
Back-related knowledge test (not validated): 12
questions, which related to five back-care lessons.
There were 24 points.

[32] TCM Trained expert with a class teacher
presence.

Four educational pamphlets:
1. Anatomy and structure of spine.
2. Ergonomic principles about backpack.
3. Principles of sitting posture and lying.
4 Body posture while lifting, pushing,
and pulling.
Based on Geldhof et al. 2007, and
Geldhof, Cardon, De Bourdeaudhuij,
and De Clercq, 2007

Anatomy and spinal structure was presented through a skeleton.
Normal contents of worn and carried backpacks with different features were
practically shown to the students.
Backpacks of several students were weighed, and it was explained to the students in
the class whether or not their backpacks had 10% of their body weight.
Favorable postures related to sitting, lying, standing, pushing, and pulling were
demonstrated to the students. The appropriate posture while picking up objects and
lifting was also explained practically in the classroom.

Four lessons of 60 min.

Knowledge questionnaire (15 items) (pilot validation):
standards of school bag features (strip, length, weight),
best way of carrying the school bag and heavy bags,
the best way of moving bench or worktable, the best
way of carrying an object, body posture when moving
objects to a wheelbarrow, natural curvature of spine,
the best way of relaxing the back when recess, the best
posture when sleeping, feet position on the floor when
sitting, space between the back of the knees and the
leading edge of the chair, space between the top of
thighs and the underside of the desk, and appropriate
desk height when sitting on the chair. Maximal score
was 100 points.
Behavior questionnaire (14 items) (pilot validation):
student’s school bag features, sports activities during a
week, way of relaxing the back when in recess, bending
knees or back when lifting objects or tying shoes, how
close one should be standing to an object when lifting
it, asking for help when lifting heavy objects, way of
carrying the school the bag, daily checking of bag
weight, placing book/homework on an inclined
writing surface of desk/working table, using backrest
when sitting in the chair, body posture when doing
homework, body posture when sitting in the chair, and
placing books on the tablet arm of the chair. Maximal
score was 100 points.
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Table A1. Cont.

Study Teaching Methodology Professionals Intervention Program Educative Contents Duration of Intervention Assessment Instruments

[38] TCM
Primary school teachers and a physical
therapist researcher visited participants
7 times during the 270 days of the trial.

MySpine program
Participants in the intervention group
were taught four spinal movements for
daily practice.
Both groups participated in education
that emphasized “back awareness”.
All teachers were familiarized with the
study and data collection procedures in
a 15 min information session prior to the
day 1 school visit.
Teachers were present during each
education/exercise session and
monitored all children to ensure that
they completed a survey online, or a
paper version if requested, within a
week of each visit by the researcher.
Class teachers were provided with
information about the link to the online
survey.

Daily exercises and education for preventing LBP in children.
Introduction to the MySpine program in 5 min.
Back awareness education session “Taking responsibility for your spine”: anatomy,
movement versus static postures, advice, questions in 15 min.
For IG: demonstrate four back exercises (joint mobility). Emphasize moving the back
through the full range. Repeat each of the exercises three times in one session daily at
a suitable time (e.g., after brushing teeth, before bed, or before school registration).
A5 laminated card with diagrams depicting each exercise with a brief written
instruction. Participants were advised to put the exercise cards in a place where they
could see them every day.
Specific adherence-enhancing strategies were incorporated into the school visits:
initial supervision of survey completion, and exercise instruction individual and
group feedback as required at each session.

Seven lessons.

Health survey asked, “Have you had back pain in the
area shaded in the picture in the last week.” This was
defined as pain in an area between T12 and S1
designated on a body chart provided with each survey.
If a participant answered “yes,” this was recorded as
an episode of LBP.
Survey data regarding adherence were explored for
association with LBP episode.
Participants were scored for adherence between 0 and
4 depending on how often they completed exercises:
not at all (0), about once a week (1), about twice a week
(2), every second day (3), or every day (4). We also
calculated a total adherence score (0–24) for each
participant across the six follow-up assessments.

[33] TCM Teachers

Teacher handed out the
Comic Book of the Back to each pupil in
the class.
Teachers were not asked to discuss the
content of the comic book in class.

The “Comic Book of the Back” is a very simple booklet promoting active
management and prevention for low back pain (LBP).
No intervention was carried out in the control group, while the Comic Book of the
Back was handed out to the children in the intervention group.

1 h.

Questionnaire of knowledge on LBP prevention and
management (not validated): ten statements focusing
on ways to prevent or manage back pain. The children
were asked to indicate which statements were true and
which were false. Scored in 10 points.

[13] TCM

All sessions were conducted by the
same person (member of the research
group) to avoid the possible influence of
different teachers’ attitudes.

Six sessions (four theoretical and two
practical ones).
The four theoretical sessions were
conducted during the school timetable
as part of the subject. Social and natural
studies, and the two practical sessions
were given during physical education
classes.

Theoretical sessions, the following topics were addressed: the human anatomy and
physiology, the fundamentals of LBP and risk factors, the promotion of physical
exercise, ergonomics and postural hygiene, and an analysis of the use of schoolbags.
The practical sessions consisted of postural analysis, carrying objects, balance,
breathing and relaxation.

6 weeks consisting of six
sessions.

Questionnaire on healthy daily life habits (pilot
validation). six items (score range from 0 to 6). The
outcomes collected were correct use of sofa, stooping
correctly, taking care to sit correctly at home/school,
and frequent posture change on chair at home/school.
The questionnaire included data on LBP prevalence
and potential risk factors.

[39] TCM

All sessions were conducted by the
same person (member of the research
group) to avoid the possible influence of
different teachers’ attitudes.

Six sessions (four theoretical and two
practical ones).
The four theoretical sessions were
conducted during the school timetable
as part of the subject social and natural
studies, and the two practical sessions
were given during physical education
classes.

Theoretical sessions, the following topics were addressed: the human anatomy and
physiology, the fundamentals of LBP and risk factors, the promotion of physical
exercise, ergonomics and postural hygiene, and an analysis of the use of schoolbags.
The practical sessions consisted of postural analysis, carrying objects, balance,
breathing, and relaxation.

6 weeks consisting of six
sessions.

Questionnaire on healthy backpack use habits (not
validated): trying to load the minimum weight
possible, carrying backpack on two shoulders, belief
that school backpack weight does not affect the back,
and the use of locker or similar at school. Each item
was coded as 0 = no and 1 = yes. A sum score was
computed from the four items, (range from 0 to 4).
The questionnaire included data on LBP prevalence
and potential risk factors.

TMC: teaching-centered methodology.



Int. J. Environ. Res. Public Health 2021, 18, 979 16 of 18

References
1. Vos, T.; Lim, S.S.; Abbafati, C.; Abbas, K.M.; Abbasi, M.; Abbasifard, M.; Abbasi-Kangevari, M.; Abbastabar, H.; Abd-Allah, F.;

Abdelalim, A.; et al. Global burden of 369 diseases and injuries in 204 countries and territories, 1990–2019: A systematic analysis
for the Global Burden of Disease Study 2019. Lancet 2020, 396, 1204–1222. [CrossRef]

2. Buchbinder, R.; Underwood, M.; Hartvigsen, J.; Maher, C.G. The Lancet Series call to action to reduce low value care for low back
pain: An update. Pain 2020, 161, S57–S64. [CrossRef] [PubMed]

3. Bento, T.P.F.; Cornelio, G.P.; de Oliveira Perrucini, P.; Simeão, S.F.A.P.; de Conti, M.H.S.; de Vitta, A. Low back pain in adolescents
and association with sociodemographic factors, electronic devices, physical activity and mental health. J. Pediatr. (Rio J.) 2020, 96,
717–724. [CrossRef] [PubMed]

4. Michaleff, Z.A.; Kamper, S.J.; Maher, C.G.; Evans, R.; Broderick, C.; Henschke, N. Low back pain in children and adolescents: A
systematic review and meta-analysis evaluating the effectiveness of conservative interventions. Eur. Spine J. 2014, 23, 2046–2058.
[CrossRef] [PubMed]

5. Miñana-Signes, V.; Monfort-Pañego, M.; Rosaleny-Maiques, S. Improvement of knowledge and postural habits after an educa-
tional intervention program in school students. J. Hum. Sport Exerc. 2019, 14. [CrossRef]

6. Wu, A.; March, L.; Zheng, X.; Huang, J.; Wang, X.; Zhao, J.; Blyth, F.M.; Smith, E.; Buchbinder, R.; Hoy, D. Global low back pain
prevalence and years lived with disability from 1990 to 2017: Estimates from the Global Burden of Disease Study 2017. Ann.
Transl. Med. 2020, 8, 299. [CrossRef]

7. Hestbaek, L.; Leboeuf-Yde, C.; Kyvik, K.O. Are lifestyle-factors in adolescence predictors for adult low back pain? A cross-
sectional and prospective study of young twins. BMC Musculoskelet. Disord. 2006, 7, 27. [CrossRef]

8. Steele, E.J.; Dawson, A.P.; Hiller, J.E. School-Based Interventions for Spinal Pain: A Systematic Review. Spine 2006, 31, 226–233.
[CrossRef]

9. Johnson, J.; Deshpande, C. Health education and physical education: Disciplines preparing students as productive, healthy
citizens for the challenges of the 21st century. J. Sch. Health 2000, 70, 66–68. [CrossRef]

10. Tinning, R. Physical Education and Back Health: Negotiating Instrumental Aims Andholistic Bodywork Practices. Eur. Phys.
Educ. Rev. 2001, 7, 191–205. [CrossRef]

11. Spence, S.M.; Jensen, G.M.; Shepard, K.F. Comparison of Methods of Teaching Children Proper Lifting Techniques. Phys. Ther.
1984, 64, 1055–1061. [CrossRef] [PubMed]

12. Vicas-Kunse, P. Educating our children: The pilot school program. Occup. Med. 1992, 7, 173–177. [PubMed]
13. Vidal-Conti, J.; Borras, P.A.; Ortega, F.B.; Cantallops, J.; Ponseti, X.; Palou, P. Effects of Postural Education on Daily Habits in

Children. Int. J. Sports. Med. 2011, 32, 303–308. [CrossRef]
14. Cardon, G.; De Bourdeaudhuij, I.; De Clercq, D. Generalization of back education principles by elementary school children:

Evaluation with a practical test and a candid camera observation. Acta Paediatr. 2001, 90, 143–150. [CrossRef] [PubMed]
15. Cardon, G.; De Clercq, D.L.R.; Geldhof, E.J.A.; Verstraete, S.; De Bourdeaudhuij, I.M.M. Back education in elementary schoolchil-

dren: The effects of adding a physical activity promotion program to a back care program. Eur. Spine J. 2006, 16, 125–133.
[CrossRef]

16. Cardon, G.; De Clercq, D.; De Bourdeaudhuij, I. Effects of back care education in elementary schoolchildren. Acta Paediatr. 2000,
89, 1010–1017. [CrossRef]

17. Dugan, J.E. Teaching the body: A systematic review of posture interventions in primary schools. Educ. Rev. 2017, 70, 1–19.
[CrossRef]

18. Mong, H.H.; Standal, Ø.F. Didactics of health in physical education–a review of literature. Phys. Educ. Sport Pedagog. 2019, 24,
506–518. [CrossRef]

19. Bishop, G.; Blumberg, P. Developing Learner-Centered Teaching: A Practical Guide for Faculty. Sch. J. Leis. Stud. Recreat. Educ.
2009, 24, 175–177.

20. Balagué, F.; Nordin, M.; Dutoit, G.; Waldburger, M. Primary prevention, education, and low back pain among school children.
Bull. Hosp. Jt. Dis. 1996, 55, 130–134.

21. Gordon, M. The misuses and effective uses of constructivist teaching. Teach. Teach. 2009, 15, 737–746. [CrossRef]
22. Onurkan Aliusta, G.; Özer, B. Student-centred learning (SCL): Roles changed? Teach. Teach. 2017, 23, 422–435. [CrossRef]
23. Kirk, D.; Colquhoun, D. Healthism and Physical Education. Br. J. Sociol. Educ. 1989, 10, 417–434. [CrossRef]
24. Briesch, A.M.; Daniels, B.; Beneville, M. Unpacking the Term “Self-Management”: Understanding Intervention Applications

Within the School-Based Literature. J. Behav. Educ. 2019, 28, 54–77. [CrossRef]
25. Marcoux, M.-F.; Sallis, J.F.; McKenzie, T.L.; Marshall, S.; Armstrong, C.A.; Goggin, K.J. Process Evaluation of A Physical Activity

Self-Management Program For Children: Spark. Psychol. Health 1999, 14, 659–677. [CrossRef]
26. Haerens, L.; Kirk, D.; Cardon, G.; De Bourdeaudhuij, I. Toward the Development of a Pedagogical Model for Health-Based

Physical Education. Quest 2011, 63, 321–338. [CrossRef]
27. Cardon, G.; Haerens, L.L.; Verstraete, S.; De Bourdeaudhuij, I. Perceptions of a School-Based Self-Management Program Promoting

an Active Lifestyle among Elementary Schoolchildren, Teachers, and Parents. J. Teach. Phys. Educ. 2009, 28, 141–154. [CrossRef]

http://doi.org/10.1016/S0140-6736(20)30925-9
http://doi.org/10.1097/j.pain.0000000000001869
http://www.ncbi.nlm.nih.gov/pubmed/33090740
http://doi.org/10.1016/j.jped.2019.07.008
http://www.ncbi.nlm.nih.gov/pubmed/31580844
http://doi.org/10.1007/s00586-014-3461-1
http://www.ncbi.nlm.nih.gov/pubmed/25070788
http://doi.org/10.14198/jhse.2019.141.04
http://doi.org/10.21037/atm.2020.02.175
http://doi.org/10.1186/1471-2474-7-27
http://doi.org/10.1097/01.brs.0000195158.00680.0d
http://doi.org/10.1111/j.1746-1561.2000.tb07246.x
http://doi.org/10.1177/1356336X010072006
http://doi.org/10.1093/ptj/64.7.1055
http://www.ncbi.nlm.nih.gov/pubmed/6739547
http://www.ncbi.nlm.nih.gov/pubmed/1531890
http://doi.org/10.1055/s-0030-1270469
http://doi.org/10.1111/j.1651-2227.2001.tb00275.x
http://www.ncbi.nlm.nih.gov/pubmed/11236042
http://doi.org/10.1007/s00586-006-0095-y
http://doi.org/10.1111/j.1651-2227.2000.tb00426.x
http://doi.org/10.1080/00131911.2017.1359821
http://doi.org/10.1080/17408989.2019.1631270
http://doi.org/10.1080/13540600903357058
http://doi.org/10.1080/13540602.2016.1205014
http://doi.org/10.1080/0142569890100403
http://doi.org/10.1007/s10864-018-9303-1
http://doi.org/10.1080/08870449908410756
http://doi.org/10.1080/00336297.2011.10483684
http://doi.org/10.1123/jtpe.28.2.141


Int. J. Environ. Res. Public Health 2021, 18, 979 17 of 18

28. Bettany-Saltikov, J.; McSherry, R.; Schaik, P.; Kandasamy, G.; Hogg, J.; Whittaker, V.; Racero, G.A.; Arnell, T. PROTOCOL:
School-based education programmes for improving knowledge of back health, ergonomics and postural behaviour of school
children aged 4–18: A systematic review. Campbell Syst. Rev. 2019, 15, 1–11. [CrossRef]

29. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; The PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

30. Mascolo, M.F. Beyond student-centered and teacher-centered pedagogy: Teaching and learning as guided participation. Pedagog.
Hum. Sci. 2009, 1, 3–27.

31. Maher, C.G.; Sherrington, C.; Herbert, R.D.; Moseley, A.M.; Elkins, M. Reliability of the PEDro Scale for Rating Quality of
Randomized Controlled Trials. Phys. Ther. 2003, 83, 713–721. [CrossRef] [PubMed]

32. Habybabady, R.H.; Ansari-Moghaddam, A.; Mirzaei, R.; Mohammadi, M.; Rakhshani, M.; Khammar, A. Efficacy and impact of
back care education on knowledge and behaviour of elementary schoolchildren. J. Pak. Med. Assoc. 2012, 62.

33. Kovacs, F.; Oliver-Frontera, M.; Plana, M.N.; Royuela, A.; Muriel, A.; Gestoso, M. Improving schoolchildren’s knowledge of
methods for the prevention and management of low back pain: A cluster randomized controlled trial. Spine 2011, 36, E505–E512.
[CrossRef] [PubMed]

34. Verhagen, A.P.; De Vet, H.; De Bie, R.A.; Kessels, A.G.; Boers, M.; Knipschild, P.G. Balneotherapy and quality assessment:
Interobserver reliability of the Maastricht criteria list and the need for blinded quality assessment. J. Clin. Epidemiol. 1998, 51,
335–341. [CrossRef]

35. Foley, N.C.; Teasell, R.W.; Bhogal, S.K.; Speechley, M.R. Stroke Rehabilitation Evidence-Based Review: Methodology. Top. Stroke
Rehabil. 2003, 10, 1–7. [CrossRef] [PubMed]

36. Gonzalez, G.Z.; Moseley, A.M.; Maher, C.G.; Nascimento, D.P.; Costa, L.D.C.M.; Costa, L.O. Methodologic Quality and Statistical
Reporting of Physical Therapy Randomized Controlled Trials Relevant to Musculoskeletal Conditions. Arch. Phys. Med. Rehabil.
2018, 99, 129–136. [CrossRef]

37. Dullien, S.; Grifka, J.; Jansen, P. Cluster-randomized, controlled evaluation of a teacher led multi factorial school based back
education program for 10 to 12-year old children. BMC Pediatr. 2018, 18, 1–10. [CrossRef]

38. Hill, J.J.; Keating, J.L. Daily Exercises and Education for Preventing Low Back Pain in Children: Cluster Randomized Controlled
Trial. Phys. Ther. 2015, 95, 507–516. [CrossRef]

39. Vidal-Conti, J.; Borràs, P.A.; Ponseti, F.J.; Cantallops, J.; Ortega, F.B.; Palou, P. Effects of a postural education program on school
backpack habits related to low back pain in children. Eur. Spine J. 2013, 22, 782–787. [CrossRef]

40. Polit, D.F. Assessing measurement in health: Beyond reliability and validity. Int. J. Nurs. Stud. 2015, 52, 1746–1753. [CrossRef]
41. Bland, J.M.; Altman, D. STATISTICAL METHODS FOR ASSESSING AGREEMENT BETWEEN TWO METHODS OF CLINICAL

MEASUREMENT. Lancet 1986, 327, 307–310. [CrossRef]
42. Torgerson, C.J.; Torgerson, D.J. The Need for Randomised Controlled Trials in Educational Research. Br. J. Educ. Stud. 2001, 49,

316–328. [CrossRef]
43. Connolly, P.; Keenan, C.; Urbanska, K. The trials of evidence-based practice in education: A systematic review of randomised

controlled trials in education research 1980–2016. Educ. Res. 2018, 60, 276–291. [CrossRef]
44. Oakley, A. Experimentation and social interventions: A forgotten but important history. BMJ 1998, 317, 1239–1242. [CrossRef]
45. Leboeuf-Yde, C.; Kyvik, K.O. At what age does low back pain become a common problem? A study of 29,424 individuals aged

12-41 years. Spine 1998, 23, 228–234. [CrossRef]
46. Korovessis, P.; Koureas, G.; Papazisis, Z. Correlation between Backpack Weight and Way of Carrying, Sagittal and Frontal Spinal

Curvatures, Athletic Activity, and Dorsal and Low Back Pain in Schoolchildren and Adolescents. J. Spinal Disord. Tech. 2004, 17,
33–40. [CrossRef]

47. van Middelkoop, M.; Rubinstein, S.M.; Kuijpers, T.; Verhagen, A.P.; Ostelo, R.; Koes, B.W.; van Tulder, M.W. A systematic review
on the effectiveness of physical and rehabilitation interventions for chronic non-specific low back pain. Eur Spine J. 2011, 20,
19–39. [CrossRef]

48. Heaven, P.C.L. Adolescent Health: The Role of Individual Differences; Psychology Press: London, UK, 2002.
49. Cardon, G.; De Bourdeaudhuij, I.; De Clercq, D. Back care education in elementary school: A pilot study investigating the

complementary role of the class teacher. Patient Educ. Couns. 2001, 45, 219–226. [CrossRef]
50. Geldhof, E.; Cardon, G.; De Bourdeaudhuij, I.; De Clercq, D. Back posture education in elementary schoolchildren: Stability of

two-year intervention effects. Eur. Medicophysica 2007, 43, 369–379.
51. Caruana, E.; Roman, M.A.; Hernández-Sánchez, J.; Solli, P. Longitudinal studies. J. Thorac. Dis. 2015, 7, E537–E540.
52. Miñana-Signes, V.; Monfort-Pañego, M. Design and Validation of a Health Questionnaire about Knowledge for Health and Back

Care Related to the Practice of Physical Activity and Exercise for Adolescents: COSACUES-AEF. J. Spine 2015, 4. [CrossRef]
53. Monfort-Pañego, M.; Miñana-Signes, V. Psychometric Study and Content Validity of a Questionnaire to Assess Back-Health-

Related Postural Habits in Daily Activities. Meas. Phys. Educ. Exerc. Sci. 2020, 24, 218–227. [CrossRef]
54. Monfort-Pañego, M.; Molina-García, J.; Miñana-Signes, V.; Bosch-Biviá, A.H.; Gómez-López, A.; Munguía-Izquierdo, D. Develop-

ment and psychometric evaluation of a health questionnaire on back care knowledge in daily life physical activities for adolescent
students. Eur. Spine J. 2016, 25, 2803–2808. [CrossRef] [PubMed]

55. Miñana-Signes, V.; Monfort-Pañego, M.; Morant, J.; Noll, M. Cross-Cultural Adaptation and Reliability of the Back Pain and Body
Posture Evaluation Instrument (BackPEI) to the Spanish Adolescent Population. Preprints 2020, 3, 2020080219.

http://doi.org/10.1002/cl2.1014
http://doi.org/10.1371/journal.pmed.1000097
http://doi.org/10.1093/ptj/83.8.713
http://www.ncbi.nlm.nih.gov/pubmed/12882612
http://doi.org/10.1097/BRS.0b013e3181dccebc
http://www.ncbi.nlm.nih.gov/pubmed/21178836
http://doi.org/10.1016/S0895-4356(97)00297-7
http://doi.org/10.1310/Y6TG-1KQ9-LEDQ-64L8
http://www.ncbi.nlm.nih.gov/pubmed/13680515
http://doi.org/10.1016/j.apmr.2017.08.485
http://doi.org/10.1186/s12887-018-1280-y
http://doi.org/10.2522/ptj.20140273
http://doi.org/10.1007/s00586-012-2558-7
http://doi.org/10.1016/j.ijnurstu.2015.07.002
http://doi.org/10.1016/S0140-6736(86)90837-8
http://doi.org/10.1111/1467-8527.t01-1-00178
http://doi.org/10.1080/00131881.2018.1493353
http://doi.org/10.1136/bmj.317.7167.1239
http://doi.org/10.1097/00007632-199801150-00015
http://doi.org/10.1097/00024720-200402000-00008
http://doi.org/10.1007/s00586-010-1518-3
http://doi.org/10.1016/S0738-3991(01)00122-7
http://doi.org/10.4172/2165-7939.1000260
http://doi.org/10.1080/1091367X.2020.1784899
http://doi.org/10.1007/s00586-016-4627-9
http://www.ncbi.nlm.nih.gov/pubmed/27250729


Int. J. Environ. Res. Public Health 2021, 18, 979 18 of 18

56. Schweisfurth, M. Learner-centred education in developing country contexts: From solution to problem? Int. J. Educ. Dev. 2011, 31,
425–432. [CrossRef]

57. Hargreaves, A. Teaching in the Knowledge Society: Education in the Age of Insecurity; Teachers College Press: Ney York, NY,
USA, 2003.

58. Wohlfarth, D.; Sheras, D.; Bennett, J.; Simon, B.; Pimentel, J.; Gabel, L. Student Perceptions of Learner-Centered Teaching. InSight
A J. Sch. Teach. 2008, 3, 67–74. [CrossRef]

59. Fullan, M. Large-scale reform comes of age. J. Educ. Chang. 2009, 10, 101–113. [CrossRef]
60. Bolam, R. Emerging policy trends: Some implications for continuing professional development. J. In-Service Educ. 2000, 26,

267–280. [CrossRef]
61. Patton, K.; Parker, M.; Pratt, E. Meaningful Learning in Professional Development: Teaching Without Telling. J. Teach. Phys. Educ.

2013, 32, 441–459. [CrossRef]
62. Shulman, L.S. Those who understand: Knowledge growth in teaching. Educ. Res. 1986, 15, 4–14. [CrossRef]
63. Feiman-Nemser, S.; Remillard, J. Perspectives on Learning to Teach; National Center for Research on Teacher Learning: East Lansing,

MI, USA, 1995.
64. Cardon, G.; De Clercq, D.; De Bourdeaudhuij, I.; Breithecker, D. Sitting habits in elementary schoolchildren: A traditional versus

a “Moving school”. Patient Educ. Couns. 2004, 54, 133–142. [CrossRef]
65. Dahlgren, G.; Whitehead, M. Policies and Strategies to Promote Equity in Health. Background Document to WHO—Strategy Paper for

Europe; World Health Organization: Copenhagen, Denmark, 1992.
66. McLeroy, K.R.; Bibeau, D.; Steckler, A.; Glanz, K. An Ecological Perspective on Health Promotion Programs. Heal. Educ. Q. 1988,

15, 351–377. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ijedudev.2011.03.005
http://doi.org/10.46504/03200808wo
http://doi.org/10.1007/s10833-009-9108-z
http://doi.org/10.1080/13674580000200113
http://doi.org/10.1123/jtpe.32.4.441
http://doi.org/10.3102/0013189X015002004
http://doi.org/10.1016/S0738-3991(03)00215-5
http://doi.org/10.1177/109019818801500401
http://www.ncbi.nlm.nih.gov/pubmed/3068205

	Introduction 
	Materials and Methods 
	Study Design 
	Eligibility Criteria 
	Information Sources 
	Electronic Search Strategy 
	Study Selection 
	Data Collection Process 
	Risk of Bias in Individual Studies 

	Results 
	Study Selection 
	Study Characteristics 
	Individual Studies 
	Knowledge Improvement 
	Postural Habit Improvement 
	Core Muscles Endurance Improvement 
	Back Pain Prevention 

	Discussion 
	Conclusions 
	
	References

