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Abstract

Background: Non-specific low back pain in children and adolescents has increased in recent years. The purpose of
this study was to upgrade the evidence of the most effective preventive physiotherapy interventions to improve back
care in children and adolescents.

Methods: The study settings were children or adolescents aged 18 years or younger. Data were obtained from

the Cochrane Library, MEDLINE, PEDro, Web of Science, LILACS, IBECS, and PsycINFO databases and the specialized
journals BMJ and Spine. The included studies were published between May 2012 and May 2020. Controlled trials on
children and adolescents who received preventive physiotherapy for back care were considered. Data on all the vari-
ables gathered in each individual study were extracted by two authors separately. Two authors assessed risk of bias
of included studies using the RoB2 and quality of the body of evidence using the GRADE methodology. Data were
described according to PRISMA guidelines. To calculate the effect size, a standardized mean difference “d”was used
and a random-effects model was applied for the following outcome variables: behaviour, knowledge, trunk flexion
muscle endurance, trunk extension muscle endurance, hamstring flexibility and posture.

Results: Twenty studies were finally included. The most common physiotherapy interventions were exercise, postural
hygiene and physical activity. The mean age of the total sample was 11.79 years. When comparing the change from
baseline to end of intervention in treatment and control groups, the following overall effect estimates were obtained:
behaviourd, = 1.19 (95% Cl: 0.62 and 1.76), knowledge d, = 1.84 (0.58 and 3.09), trunk flexion endurance d, = 0.65
(-0.02 and 1.33), trunk extension endurance d, = 0.71 (0.38 and 1.03), posture d . = 0.65 (0.24 and 1.07) and ham-
strings flexibility d . = 0.46 (0.36 and 0.56). At follow-up, the measurement of the behaviour variable was between 1
and 12 months, with an effect size of d, = 1.00 (0.37 and 1.63), whereas the knowledge variable obtained an effect
size of d, = 2.08 (-0.85 and 5.02) at 3 months of follow-up.

Conclusions: Recent studies provide strong support for the use of physiotherapy in the improvement of back care
and prevention of non-specific low back pain in children and adolescents. Based on GRADE methodology, we found
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that the evidence was from very low to moderate quality and interventions involving physical exercise, postural

hygiene and physical activity should be preferred.

Keywords: Physical therapy modalities, Primary prevention, Child, Adolescent, Meta-analysis, Low back pain, Exercise

Background

Low back pain (LBP) is a public health problem and
the prevalence of LBP in children and adolescents has
increased in recent years [1, 2], reaching around 39% of
LBP lifetime prevalence in 9 to 16 years of age with a sim-
ilar prevalence to adults at 15 years of age [3]. The pres-
ence of LBP in childhood and adolescence increases the
risk of suffering it in adulthood [2, 4]. Non-specific low
back pain (NSLBP) is the most common type of LBP [1],
therefore it is important to rule out the presence of spon-
dylolysis and spondylolisthesis which may cause LBP [2].

Although strategies for back care and NSLBP pre-
vention have been examined in less detail in children
and adolescents than in adult populations [5], different
approaches from physiotherapy can be found in the lit-
erature [6]. One of them arises from the fact that ado-
lescents [7-9] and parents [10] generally do not have
sufficient knowledge about back care and hence differ-
ent methods have been developed to fill this gap [6]. This
knowledge can be taught through the application of pos-
tural hygiene (theory or practice) and through physical
exercise aimed at establishing knowledge of back care.
Having adequate knowledge about back care can give
children and adolescents the ability to change their life-
styles on their own [8].

Another way to promote back care is through behav-
iour change in daily activities in which the back may be
affected [11-13], including the correct use of the school-
bags and limiting their weight to 10-15% of the child’s
weight [10], changing posture evenly [11], lifting weights
off the floor appropriately [12], and improving sitting and
standing postures for prolonged periods [11, 12]. As well
as knowledge, behaviour can be taught through postural
hygiene and physical exercise associated with back care
in order to establish the concepts learned [11-13].

Besides, other methods used in physiotherapy to
improve back care and prevent NSLBP in children and
adolescents include improving the strength of the trunk
muscles through specific exercises [14], for this, the exer-
cises must be ordered and supervised by a professional,
should be done progressively, and can be practiced by
both children and adolescents [15]. Increasing hamstring
flexibility is also a good way to improve back care [16].

In recent years, some systematic reviews have been
published on this topic, some have focused on a single
variable such as posture [17, 18], some included articles
only in the physical education field [19] or some included

several variables such as knowledge and behaviour with-
out quantitative analysis [12, 20]. In a previous meta-
analysis in 2012 we analyzed the effects of preventive
physiotherapy treatments on knowledge and behaviour
[21] and since then no meta-analysis has been carried out
that quantified the effects of physiotherapy treatments on
back care in children and adolescents.

Considering the heterogeneity of the procedures to
improve back care in children and adolescents, the
numerous clinical trials that have been published on this
topic in recent years, and the fact that no recent meta-
analyses have been carried out that encompass them, an
objective analysis of the effects of these preventive proce-
dures is necessary.

Therefore, this systematic review aimed to find out
which preventive physiotherapy interventions are most
effective to improve back care and to prevent non-spe-
cific low back pain in children and adolescents.

Methods

Study design

This meta-analysis was carried out following the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement guidelines [22] and
registered with PROSPERO (CRD42021236645).

Eligibility criteria

We included randomized controlled trials (RCTs), clus-
ter RCTs, and quantitative controlled quasi-experimental
studies if they reported a pre-test and post-test evalua-
tion. Studies had to be published or finished between
May 2012 (the end date of the search period of the latest
meta-analysis on this topic) and May 2020. Case, cohort,
and uncontrolled studies were excluded. No language
restrictions were applied. The participants had to be chil-
dren or adolescents aged 18 years or younger. Studies in
which all subject in the sample presented LBP, spinal dis-
eases, surgical vertebral treatment or other pathologies
that cause LBP were excluded. The studies had to apply
a back care physical therapy or preventive treatment for
NSLBP without pharmacological treatment (postural
hygiene, exercise, physical activity or others). The con-
trol groups could be active or non-active. The results had
to be collected with the same tool with which the initial
evaluations were collected and the studies had to report
enough statistical data to calculate the effect sizes.
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Data sources

Several methods were used to search for studies: differ-
ent specialized databases, specialized journals on the
subject, and the bibliography of expert authors on the
subject were searched. Published and unpublished arti-
cles were searched.

The different specialized databases were Cochrane
Library, MEDLINE, PEDro, Web of Science (WoS),
LILACS, IBECS, and PsycINFO and the specialized
journals were BMJ and Spine. In the search for unpub-
lished articles, articles by relevant authors, conference
acts, and doctoral theses were examined. Besides, the
bibliography of articles already collected and relevant
articles were searched.

Search strategy
The searches were carried out from February to May
2020, with a combination of the following keywords:
adolescent, child, young, school, “back pain’, “low back
pain’, “back complaint’, “back care’, prevention, edu-
cation, “postural hygiene’, “physical education’, “back
education”, “posture education’, “back function”, physi-
otherapy, backpack, ergonomics, “physical therapy’,
“exercise therapy’, promotion, knowledge, behaviour
and “cognitive behavioural therapy”.

For more details about the search terms and combi-
nations, see Additional file 1.

The search was conducted by one author (JGM) and
all researchers jointly decided which studies should be

included.

Data extraction

The data extraction of the articles was carried out based
on a previously exposed coding manual. In this manual,
according to Lipsey’s recommendations [23] the vari-
ables have been grouped into three different categories:
substantive (treatment, context, and participant), meth-
odological, and extrinsic variables. For more informa-
tion about the coded variables, see Additional file 2.

Data on all the variables gathered in each individ-
ual study were extracted by two authors separately
(JGM, ICM). To resolve discrepancies between the two
authors, a third author (AGC) intervened to decide the
extracted data. When required, additional data were
requested directly from the corresponding authors.

In order to assess the reliability of the coding pro-
cess, Cohen’s Kappa was calculated for qualitative vari-
ables and the intraclass correlation coefficient (ICC)
for quantitative variables [24]. Kappa values ranged
between 0.827 and 1 and the ICC ranged from 0.993 to
1.
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Risk of bias assessment

The Cochrane Risk of Bias 2 tool, which is designed for
clinical trials, was used to calculate the risk of bias (RoB).
The RoB was independently examined in the same way
as data extraction. This tool allows a clinical trial to be
assessed as “low RoB’, “some concerns” or “high RoB”.

To determine the RoB of an article, the worst judgment
from all domains was chosen. In case that the evaluation
had “some concerns” in several domains, it was rated at
“high RoB” as recommended by the authors [25].

The RoB was also assessed by the same researchers who
coded the variables (JGM and ICM). Cohen’s Kappa was
used to assess inter-rater agreement, with a result of 1.

Type of outcome measures

The studies had to have at least one outcome related to
back care. Outcomes included were back care behaviour,
back care knowledge, trunk flexion endurance, trunk
extension endurance, hamstrings flexibility, posture,
lower limb power, awareness, sitting time, standing time,
stepping, step counts, sit-to-stand counts, upper limbs
muscular endurance, cardiovascular endurance, lumbar
motor control, skills, self-efficacy, and beliefs.

Effect size index

To calculate the effect size, a standardized mean differ-
ence ‘d” was used [26] for quantitative variables [27].
To calculate the effect size concerning follow-up, the
same procedure was followed, replacing the post-test
data with the follow-up data [28]. The magnitude of d
indices is sometimes interpreted following Cohen’s ten-
tative benchmarks: 0 null, £0.20 low, £0.50 medium,
=+ 0.80 high [29]. The effect size was calculated by the first
author (JGM) with the supervision of another researcher
(JLL).

Data analysis
A random-effects model was applied for each outcome
variable reported in at least two studies [26] using the
correction proposed by Hartung [30]. A forest plot
with 95% confidence intervals was created to represent
numerically and graphically the individual effects of each
study, in addition to representing the average effect size.
Forest plots were created for all meta-analyzed vari-
ables, namely: behaviour, knowledge, posture, hamstring
flexibility, trunk flexion endurance and trunk extension
endurance. To assess heterogeneity, the I* index was
used. To help with interpretation of the I? values, the
tentative benchmarks of 25% low, 50% medium, and 75%
high may be followed.

To analyze moderator variables, weighted ANOVA
was used for the qualitative moderator variables and



Garcia-Moreno et al. BMC Musculoskeletal Disorders (2022) 23:314

meta-regression for the continuous moderator variables.
Both analyses were corrected as proposed by Knapp and
Hartung [31].

All statistical analyses were performed using R [32] in
conjunction with the metafor package [33]. The PRISMA
checklist was used to check the reporting quality of the
meta-analysis [22] (Additional file 3).

Results

A total of 3166 references were located, of which 3151
were found in the databases and 14 in the search in other
sources. After removing duplicates and conducting a first
analysis of the studies, we were left with 50. The main
reasons we eliminated those studies were because the
participants were adults, the participants had pathologies
that caused LBP, and that the treatment included phar-
macotherapy. Finally, the rest of the papers were screened
at full text, and 20 papers met the inclusion criteria. All
papers compared an experimental group and a control
group. After the identification process, twenty articles
were selected [34-53]. Figure 1 shows the process of
identification and selection of the studies.

Other studies that appear to meet the inclusion criteria
were excluded because there was no control group [14],
no pretest measurement [54], no mean data [55], and no
variables related to back care [56].
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Study characteristics

The included studies were published between 2012 and
2020, all published in journals except for one conference
presentation [38]. Eleven articles were RCTs [36, 37, 39,
41, 43, 46-50, 53] and nine were non-randomized con-
trolled trials [34, 35, 38, 40, 42, 44, 45, 51, 52]. A cluster
randomization were applied for all the RCT except one
[50]. All the studies were carried out in the school except
one that was carried out in a sport center [50] and one is
not specified [38]. Six studies were carried out in Spain
[39, 41, 42, 48, 49, 51], four in Brazil [35, 37, 44, 52], two
in South Africa [43, 47], two in Iran [36, 53], two in Ger-
many [38, 46], and one in Turkey [34], New Zealand [40],
Poland [45] and Hungary [50]. The first author of ten
studies was a physical education teacher [34, 35, 38, 40—
42, 44, 48, 49, 51] and in seven was a physiotherapist [37,
39, 43, 45, 47, 50, 53].

The sample size in the pretest of all the participants of
the experimental groups was 1,546 and the sample size of
the control groups was 1,315. In the posttest, the sample
size of the experimental groups was 1,374 and the sample
size of the control groups was 1,263. In the follow-up, the
sample size of the experimental groups was 675 and the
sample size of the control groups was 493, this is due to
only seven studies report follow-up data [36, 39, 43, 44,
47,51, 53].

[ Identification of studies via and registers } [ Identification of studies via other methods }
Records removed before
5 screening: . "
L . Ri fied from:
5 Records identified from: Duplicate records (n = 49) ecords identi '(id:g)m
= Databases (n = 3,151) Records marked as Organisations (n = 0)
= Registers (n = 0) ineligible by automation s : !
§ tools (n = 0) Citation searching (n = 8)
Records removed for other
i reasons (n = 0)
Records screened Records excluded
(n=3,102) (n =3,066)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
2 (n=36) (n=1) (n=14) (n=1)
[
; ! !
3
n
Reports assessed for . Reports assessed for
eligibility Reports excluded: eligibility Reports excluded:
(n = 35) (n=18) (n=13) (n=10)
No control group (n = 6) No prestest measurement (n = 1)
Predominantly adult sample (n = 6) No back care treatment (n = 9)
No pretest measurement (n = 1)
Different way of measuring pretest
J and posttest (n=1)
— v No mean data (n = 4)
3 Studies included in review
3 (n=20)
S Reports of included studies  [€
£ (n=0)
—
Fig. 1 PRISMA flow diagram. Process of identification and selection of studies
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Regarding the type of intervention of the experimen-
tal groups, the most common was exercise, carried out
in fifteen studies [34, 35, 37, 38, 41, 42, 44, 46-53], fol-
lowed by postural hygiene, carried out in nine studies
[36, 39, 43-47, 51, 53], physical activity, carried out
in six studies [34, 41, 44, 50-52] and standing work-
stations in classroom, carried out in one study [40].
Exercise, postural hygiene and physical activity were
combined in some studies. Regarding the weeks of
the intervention were from 1 to 24, the intensity was
from 0.31 to 6.41 h and the magnitude was from 0.75 to
77 h. The number of sessions of the experimental group
were established before the start of the study in all of
the studies except two [38, 40] and the treatment of all
experimental groups were homogeneous except in one
study [38]. Thirteen studies were conducted with chil-
dren [34-37, 39-41, 43, 45, 46, 51-53] and seven with
adolescents [38, 42, 44, 47-50]. The mean age of the
participants in the experimental group was from 7.6 to
15.22 years with a mean of 11.73 years and in the con-
trol group was from 7.72 to 15.55 years with a mean of
11.85 years, the mean age of all participants was 11.79
years. The percentage of males in the experimental
group was from 31.17 to 74% and in the control group
was from 34.08 to 73.58%, all the studies include boys
and girls in their samples except one that only par-
ticipated girls [53]. Concerning the control groups, in
seven studies the control group was active [35, 38, 41,
42, 48, 49, 51] and the rest was inactive. For more infor-
mation, see Additional file 4.
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Risk of bias

Nine studies were considered to report results with high
RoB [34, 35, 38, 40, 42, 44, 45, 51, 52] whereas some
concerns were found for eleven studies [36, 37, 39, 41,
43, 46-50, 53]. Concerns regarding randomization led
to high RoB assessments in eight studies. In the second
domain, all the studies had some concerns, since the
therapists knew the group they were treating and blind-
ing of participants was not possible due to the nature
of the treatment. All except two studies [35, 52] were
assessed at RoB in the missing outcome data domain.
Regarding the blinding of the assessors, only eight studies
reported blinding of the assessors [36, 39, 41, 42, 46, 48,
51, 53]. Finally, in the domain of bias in the selection of
the reported result all studies had a low RoB.

Mean effect size and heterogeneity analysis

Meta-analyses were performed for the variables behav-
iour, knowledge, trunk flexion muscle endurance, trunk
extension muscle endurance, hamstring flexibility and
posture in the posttest and behaviour and knowledge
in the follow-up. In the next paragraphs, we present the
results for effect sizes comparing the treatment and con-
trol groups from baseline to the end of the intervention
period (posttest).

Figure 2 presents a forest plot for the behaviour meas-
ures in the posttest, with a mean effect size of d, = 1.19
(95% CI: 0.62 and 1.76), with ?=94.68% of the total
variability due to heterogeneity. Only one study did not
obtain significant differences in favor of the treatment

Study ES [95% CI]
Hashemi et al. (2012) - 1.41[1.19,1.62]
Gallardo et al. (2013) HEH 1.40[1.18,1.61]
Ritter & de Souza (2015) — 1.52[0.86, 2.17]
Sellschop et al. (2015) — 0.09 [-0.26, 0.44]
Brzek & Plinta (2016) - 1.00[0.77,1.22]
Dullien et al. (2018) —— 0.50[0.19, 0.80]
Sellschop et al. (2018) - 0.70[0.34, 1.07]
Mifiana-Signes et al. (2019) e— e | 2.61[1.63, 3.59]
Akbari-Chehrehbargh et al. (2020) — . 2.03[ 1.54, 2.52]
RE Model —~— 1.19[0.62, 1.76]
f T T T 1
-1 0 1 2 3 4
d Index (Difference in Mean Change)
Fig. 2 Forest plot of effect sizes for measures of behaviour in the posttest
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Study ES [95% Cl]
Hashemi et al. (2012) —a— 2.33[2.08, 2.59]
Dullien etal. (2018) —.— 0.72[0.41, 1.02]
Mifiana-Signes et al. (2019) -_— 2.11[1.21, 3.00]
Akbari-Chehrehbargh et al. (2020) —. 2.27[1.77,2.78]
RE Model 1.84[0.58, 3.09]
i T T T T T 1
o 05 1 15 2 25 3
d Index (Difference in Mean Change
Fig. 3 Forest plot of effect sizes for measures of knowledge in the posttest

[43], this study was also the one that carried out the least ~ The effect sizes of the rest of the studies were very similar
intense treatment (0.75 h per week) together with two  (Fig. 3).
other studies [39, 47] and with the shortest total treat- With regards to trunk flexion endurance in the posttest
ment time (0.75 h, same as Sellschop et al., 2018). Fur-  (Fig. 4) the mean effect size estimate was d_ = 0.65 (95%
thermore, the study with the largest effect size [51] was  CI: -0.02 and 1.33), with I>=89.8% of the total variability
the one that applied the most intense treatment (2.625 h  attributed to true heterogeneity. The only study with sta-
per week). tistically significant effects in favor of the control group
The mean effect size of the knowledge measures in  [46] was the one with the lowest intensity (0.31 h per
the posttest was d | = 1.84 (95% CI: 0.58 and 3.09), with  week) and total time of treatment (3.72 h). On the other
I’=93.69% of the total variability due to heterogeneity = hand, the study with the largest effect size favoring the
(as opposed to random sampling error). All the studies intervention [50] was the one with the highest intensity
had statistically significant results in favor of the treat- (2.5 h per week) and total treatment time (60 weeks). It
ment, although the study that obtained the smallest should also be mentioned that the only two studies that
effect size [46] was also the one that carried out the least ~ did not carry out progressive treatment were the ones
intense intervention (0.31 h per week, 3.72 hin total) and  with the smallest effect size [37, 46]. Finally, the 3 stud-
the one with the longest treatment program (12 weeks). ies with the smallest effect size [37, 41, 46] were the only

Study ES [95% Cl]
Moreira et al. (2012) .——.—. 0.13 [-0.39, 0.65]
Mayorga-Vega etal. (2013) »—-—c 0.44 [-0.03, 0.90]
Gonzalez-Galvez et al. (2014) — 0.72[0.18, 1.26]
Dullien et al. (2018) —— -0.41 [-0.71, -0.1
Gonzalez-Galvez et al. (2019) a —_— 1.05[0.46, 1.63]
Gonzalez-Galvez et al. (2019) b —a— 0.88[0.37, 1.39]
Kiss et al. (2019) —. 1.85[1.39, 2.32]
RE Model -’ 0.65 [-0.02, 1.33]
f | T T !
-1 0 1 2 3
d Index (Difference in Mean Change)
Fig. 4 Forest plot of effect sizes for measures of trunk flexion endurance in the posttest
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Study ES [95% CI]
Moreira et al. (2012) - 0.52 [0.00, 1.05]
Gonzalez-Galvez et al. (2014) 0.88[0.34, 1.43]
Gonzélez-Galvez et al. (2019) a 0.53 [-0.02, 1.09]
Gonzalez-Galvez et al. (2019) b " 0.88[0.37, 1.39]
RE Model ——— 0.71[0.38, 1.03]
T i T T 1
-0.5 0 0.5 1 1.5

d Index (Difference in Mean Change)
Fig. 5 Forest plot of effect sizes for measures of trunk extension endurance in the posttest

ones that carried out this treatment in children and the
rest in adolescents.

Figure 5 presents a forest plot for the trunk extension
endurance in the posttest, with a mean effect size of d_.
= 0.71 (95% CI: 0.38 and 1.03) and no evidence of het-
erogeneity (I>=0%). Although two studies reported non-
significant effects [37, 48], the number of weeks was the
same in all studies (6 weeks) and the intensity and total
time of treatment were also very similar.

The meta-analysis for posture in the posttest
(Fig. 6) yielded a mean effect size of d, = 0.65 (95%
CI: 0.24 and 1.07), with 1>=67.86%. The only study
with a non-significant effect size is the only one that
did not perform postural hygiene or postural correc-
tion exercises [52]. In addition, this is the study that
carries out the fewest weeks of treatment (8 weeks)
except for a study that does not specify the number
of weeks [45].

The mean effect size estimate for hamstring flexibil-
ity in the posttest (Fig. 7) was d, = 0.46 (95% CI: 0.36
and 0.56) with no evidence of heterogeneity (I =0%).
Three of the four studies reporting on this variable did
not obtain statistically significant differences [37, 42,
48]. The only study that obtained statistically signifi-
cant improvement [35] was the only one whose sample
was made up of children, whereas the rest were made
up of adolescents. Furthermore, this study was the one
with the most weeks of treatment (12 weeks) and the
one with the least intensity (0.23 h per week) and total
treatment time (2.8 h).

Regarding effect sizes from baseline to follow-
up, Fig. 8 shows that overall effect size estimate for
behaviour was d, = 1.00 (95% CI: 0.37 and 1.63),
with 12=93.91% of the total variability attributed to
heterogeneity. Follow-up times ranged from 1 month
to 12 months. The only study with non-significant

Study

ES [95% CI]

Gelik et al. (2012) —— 0.67[0.22,1.13]
Ritter & de Souza (2015) 0.90[0.23, 1.58]
Brzek & Plinta (2016) —— 1.02[0.79, 1.25]
Dullien et al. (2018) —a 0.35[0.06, 0.65]
Batistdo et al. (2019) %—.— 0.27 [-0.30, 0.83]
RE Model — 0.65[0.24, 1.07]

f | T
-0.5 0 0.5

d Index (Difference in Mean Change)

Fig. 6 Forest plot of effect sizes for measures of posture in the posttest

T T 1
1 1.5 2
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Study ES [95% CI]
Constantino et al. (2012) 1 0.52[0.01, 1.04]
Moreira et al. (2012) 0.43 [-0.10, 0.95]
Gonzalez-Galvez et al. (2014) : 0.39 [-0.13, 0.92]
Gonzalez-Galvez et al. (2019) a 0.50 [-0.06, 1.05]
RE Model — 0.46 [ 0.36, 0.56]
f 1 T l
-0.5 0 0.5 1 1.5

d Index (Difference in Mean Change)

Fig. 7 Forest plot of effect sizes for measures of hamstring flexibility in the posttest

improvements [44] is also the one with the longest
follow-up (12 months), despite being the study that
comprised the longest period and reported the largest
treatment time.

Only two studies reported follow-up on the knowl-
edge variable, with an overall effect size of d, = 2.08
(95% CI: -0.85 and 5.02) and I> = 63.08%. Follow-up for
both studies was 3 months.

Other variables that could not be analyzed because
they did not have a sufficient number of studies or did
not have clinical relevance were: lower limb power [35,
38]; sitting time, standing time, stepping, step counts
and sit-to-stand counts [40]; upper limbs muscular
endurance [41, 46]; cardiovascular endurance [41];
perception [44]; lumbar motor control [50]; balance
[46]; skills, self-efficacy and beliefs [53].

Analyzing moderator variables

We examined moderating variables on the outcome vari-
ables behaviour and trunk flexion endurance. Potential
moderating variables were chosen based on the clinical
judgment of the authors. Due to the small number of
studies of these variables, the number of moderating var-
iables to be analyzed is limited. Some ANOVAs for the
qualitative variables and simple meta-regressions for the
quantitative variables were applied.

Outcome variable: behaviour in the posttest

Tables 1 and 2 present the results of the ANOVAs and
meta-regressions for behaviour. Regarding qualitative
variables, the studies that were carried out in children,
used theoretical and practical methods and were assessed
at high RoB is high, showed larger effect sizes on average,

Study ES [95% CI]
Hashemi et al. (2012) —— 1.18[0.96, 1.39]
Gallardo et al. (2013) — 1.36[1.15, 1.58]
Ritter & de Souza (2015) —_— 0.28 [-0.29, 0.85]
Sellschop et al. (2015) —— 0.70[ 0.34, 1.06]
Mifiana-Signes et al. (2019) i 0.51[0.31,0.70]
Akbari—-Chehrehbargh et al. (2020) ——y 1.95[1.47,2.43]
RE Model e 1.00[0.37, 1.63]
T T T T |
-05 0 0.5 15 2 25
d Index (Difference in Mean Change)
Fig. 8 Forest plot of effect sizes for measures of behaviour in the follow-up
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Table 1 Results of the weighted ANOVAs for the behaviour measures in the posttest, taking qualitative moderator variables as

independent variables

Variable k d, 95% Cl ANOVA results
LL LU
Type of treatment:
Postural Hygiene (PH) 3 1.267 0.221 2314 F(1,7)=0.040,
PH -+ Physical exercise (PE) 6 1.157 0374 1.940 p=.847
Age:
Adolescent 3 0728 -0.232 1,689 F(1,7)=1.882,
Children 6 1409 0.735 2083 p=.212
Teaching method of PH:
Theoretical (TT) 0598 -0.540 1736 F(1,7)=1.941,
TT +Practical 1364 0.735 1.993 p=.206
Type of behaviour:
Schoolbag weight (SW) 5 1118 0.199 2036 £(1,7)=0078,
Healthy back habits (HBH) 4 1266 0412 2120 p=.788
Risk of bias:
High 3 1602 0.549 2654 F(1,7)=1.216,
Some concerns 6 1014 0324 1.705 p=.306

knumber of studies, d, mean coefficient alpha, LL and LU lower and upper 95% confidence limits for d , F Knapp-Hartung's statistic for testing the significance of the

moderator variable

Table 2 Results of the simple meta-regressions for the behaviour measures in the posttest, taking continuous moderator variables as

predictors

Predictor variable k b; CILL ClLUL F p
Number of weeks of treatment 7 -0.000 -0.223 0.222 0.000 0.996
Time of treatment per week (intensity) 7 0913 -0.015 1.841 6.400 0.052
Total time of treatment (magnitude) 8 0.068 -0.076 0212 1.341 0.291
Total posttest sample size 9 -0.000 -0.005 0.004 0.150 0.710

knumber of studies, bregression coefficient of each predictor, Cl.LL confidence interval of lower limit, CI.UL confidence interval of upper limit, F Knapp-Hartung’s
statistic for testing the significance of the predictor (the degrees of freedom for this statistic are 1 for the numerator and k - 2 for the denominator) p probability level

for the F statistic

however statistical significance was not observed in any
of the moderating variables analyzed. With regards to
quantitative variables, no statistical significance was
observed in any of the moderating variables analyzed,
however, intensity was close to statistical significance
(p=.052), suggesting that more intense interventions
might yield effects of larger magnitude (b=0.913, 95% CI
-0.015 to 1.841).

Outcome variable: trunk flexion endurance in the posttest
Tables 3 and 4 present the results of the ANOVAs
and meta-regressions with trunk flexion endurance as
the outcome variable. For qualitative variables, stud-
ies carried out in adolescents as opposed to children
(p=.029) and those that implemented progressive

training (p=.035) showed significantly larger effect
estimates on average. Regarding quantitative vari-
ables, the intensity (b=0.869, 95% CI 0.225 to 1.513;
p=.018) and magnitude (b=0.031, 0.004 to 0.057;
p=.030) showed statistically significant direct rela-
tionships with effect size.

Publication bias

Due to the small number of studies for each variable,
publication bias was only examined using meta regres-
sion models with n at posttest as a covariate. The
behaviour variable resulted in a b= -0.000 (p=.710)
and the trunk flexion endurance variable resulted in
a b= -0.006 (p=.387). A negative sign is compatible
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Table 3 Results of the weighted ANOVAs for the trunk flexion endurance measures in the posttest, taking qualitative moderator

variables as independent variables

Variable k d, 95% Cl ANOVA results
LL LU
Type of treatment:
Physical exercise (PE) 4 0.536 -0471 1.543 F(1,5)=0211,
PE -+ Physical activity (PA) 3 0811 -0.350 1972 p=.665
Age:
Adolescent 4 1.140 0505 1774 F(1,5)=9.239,
Children 3 0024 0675 0722 p=.029
Progression:
Yes 5 0992 0396 2654 F(1,5)=7.642,
No 2 -0.169 1069 1588 p=.035
Risk of bias:
High 1 0722 -1.353 2797 F(1,5)=0.008,
Some concerns 6 0644 0.193 1,480 p=.932

k number of studies, d, mean coefficient alpha, LL and LU lower and upper 95% confidence limits for d ,. F Knapp-Hartung's statistic for testing the significance of the

moderator variable

Table 4 Results of the simple meta-regressions for the trunk flexion endurance measures in the posttest, taking continuous

moderator variables as predictors

Predictor variable k b; CILL ClLUL F p

Number of weeks of treatment 7 0.054 -0.055 0.163 1612 0.260
Time of treatment per week (intensity) 7 0.869 0.225 1.513 12.026 0.018
Total time of treatment (magnitude) 7 0.031 0.004 0.057 8.958 0.030
Total posttest sample size 7 -0.006 -0.024 0011 0.897 0.387

knumber of studies, biregression coefficient of each predictor, Cl.LL confidence interval of lower limit, CLUL confidence interval of upper limit, FKnapp-Hartung’s
statistic for testing the significance of the predictor (the degrees of freedom for this statistic are 1 for the numerator and k - 2 for the denominator), p probability level

for the F statistic

with the hypothesis of publication bias, and the non-
significant p-value suggests no publication bias con-
cerns, but could also be due to the lack of statistical
power with such a low number of studies.

Certainty of evidence

The GRADE system was applied to each variable rang-
ing from very low to moderate certainty of evidence. For
more information, see Additional file 5.

Discussion
This systematic review and meta-analysis examined the
effectiveness of physiotherapy interventions for back care
in children and adolescents, updating the state of the
art in this field. Clinical trials after 2012 were collected
in order to compare the results with the latest published
meta-analysis [21].

In the studies included in this meta-analysis, clinical
reasoning is supported by knowledge from the literature,

and the methods for testing the hypotheses of each of
them are adequate.

The variables analyzed in this meta-analysis are cur-
rently still being studied in clinical trials. Recent studies,
that were not included in this meta-analysis because they
did not meet the inclusion criteria, investigated physi-
otherapy to improve back care by increasing behaviour
[54], knowledge and posture [55].

The results indicate that physiotherapy -effectively
improved behaviour in the posttest (d, = 1.19) and fol-
low-up (d, = 1.00). These effect sizes are, respectively,
similar (d, = 1.33) and lower (d, = 1.80) than the previ-
ous meta-analysis that examined this variable [21]. These
findings are reinforced by a recent systematic review
which argued that an intervention in children and adoles-
cents can improve behaviour related to back care and the
research on back health is scarce in this population [20].

The results indicate that physiotherapy significantly
improved knowledge with an effect size of d, = 1.19,
similar to the previous meta-analysis (d, = 1.29) [21].
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Since we only included four studies for this variable, an
analysis of the moderator variables was not considered.
The effect size we estimated at follow-up withad, =2.08
was larger than in the previous meta-analysis (d, = 0.76)
[21]. Previous systematic reviews argue that the teaching
of knowledge in children and adolescents is important to
improve back care [19, 20]. Some of the RCTs included
in those systematic reviews were also included in the cur-
rent meta-analysis.

Concerning to the trunk flexion endurance, this was
the only variable yielding non-significant results with
an effect size of d, = 0.65. Such lack of statistical sig-
nificance may be due to the small number of studies.

The results indicate that physiotherapy also improved
trunk extension endurance with an effect size of d, =
0.71. Although the four studies reporting on this vari-
able were very similar, a large difference was observed
between two studies with statistically significant results
[42, 49] and two studies with non-significant findings
[37, 48]. Due to the small number of studies, an analysis
of the moderating variables was not carried out.

Regarding hamstring flexibility, a significant effect
size of d, = 0.46 was obtained. At least six weeks of
treatment may be required to obtain improvements but
at least twelve weeks are necessary for this improve-
ment to be statistically significant. This statement aligns
with findings from previous systematic reviews [16, 57].
Some studies that assessed hamstring flexibility were not
included because the treatment was not aimed at improv-
ing back care.

In the posture variable, a significant effect size of d, =
0.71 was obtained. To achieve an improvement in pos-
ture, postural hygiene or postural correction exercises are
essential. Posture assessment tools varied widely across
studies, including instruments such as the New York Pos-
ture Rating [34] or the Postural Evaluation Software [52].
Previous systematic reviews also highlight the use of dif-
ferent assessment tools across studies [18].

Concerning to moderator variables in behaviour, the
previous meta-analysis reported that the type of pos-
tural hygiene and the postural hygiene teaching method
are moderator variables that influence the effect size
[21]. However, in the current study we could not calcu-
late the influence of the type of postural hygiene because
all the studies included used the same strategy (knowl-
edge acquisition + posture habits training). This may be
because after 2012 clinical trials have taken into account
the results of the last published meta-analysis [21] which
showed that this is the best combination. Regarding the
postural hygiene teaching method, we did not find sig-
nificant differences, although the studies that carried
out a theoretical and practical treatment obtained better
results than those that only used theoretical treatment.
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Overall, interventions yielded slightly more effective
results for children than for adolescents. Due to the het-
erogeneity of the tools to assess the results, the type of
behaviour (backpack weight vs. healthy back habits) was
analyzed as a moderator variable, but no differences were
found between them. Studies with a high risk of bias
obtained somewhat larger effect sizes than studies with
some bias concerns, but this difference did not reach sta-
tistical significance. Moreover, the number of weeks of
treatment was not a significant moderator variable as in
our previous study [21]. The intensity of the treatment as
a moderator variable was close to being significant, as in
our previous study [21], however, the magnitude of the
treatment was significant in the previous, but not in the
current study. Finally, the total posttest sample size was
not a significant moderating variable.

In relation to moderator variables in trunk flex-
ion endurance, studies that involved physical exercise
and physical activity had better results than those that
involved physical exercise alone with no significant dif-
ferences, this may be due to the fact that physical activ-
ity has worked other muscle group than those worked
by physical exercise or has reinforced those already
worked by exercise. The studies carried out in adoles-
cents obtained better results than those carried out in
children (p=.029), which is in agreement with previous
meta-analysis [58], but opposite to another systematic
review that found no differences regarding strength gain
[59]. Studies that carried out the treatment progressively
yielded a significantly larger improvement compared to
those that did not (p=.035), which supports claims from
other authors who defended the need for the treatment to
be progressive in order to obtain better results [15]. The
study assessed at high risk of bias showed effect sizes of
larger magnitude than studies with some bias concerns.
The number of weeks was not a significant moderating
variable, although another study recommends that treat-
ment should last longer than 8 weeks [15]. The intensity
(p=.018) and magnitude (p=.030) were variables that
influenced the effect size, as stated in another study [15].
Finally, the total posttest sample size was not a significant
moderating variable.

This study will allow clinicians to treat patients with
the most effective treatments based on current evidence
to achieve better outcomes, researchers will be able to
develop new research projects that improve the quality
of evidence, and patients will be able to apply the knowl-
edge obtained from this study to improve their health.

Strengths

To our knowledge, this is the only meta-analysis since
2012 that evaluated the effectiveness of physiotherapy
interventions for back care in children and adolescents.
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Other strengths include use of the Cochrane Risk of Bias
2 guideline and the GRADE system for recommenda-
tions. Two reviewers independently extracted key study
data, evaluated RoB and applied the GRADE framework
to the findings of each meta-analysis. Furthermore, a
wide range of outcomes was considered.

Limitations

There is substantial variation across studies in terms of
interventions, and comparators make it difficult to pin-
point the exact source of this diversity. In addition, there
were few studies within each meta-analysis to explore
sources of heterogeneity. Another limitation relates to
the high RoB in the studies.

Implications for future research

Firstly, studies comparing various treatment groups in
terms of intensity, types of exercise, and progression are
needed. Secondly, studies must ensure that participants
are randomized and those evaluators are blinded. Finally,
future studies should evaluate the results with the same
tool, which requires validated tools in this population.

Conclusions

The most effective preventive physiotherapy interven-
tions to improve back care in children and adolescents
and prevent non-specific low back pain were physical
exercise, postural hygiene and physical activity. These
treatments achieved statistically significant improve-
ments in back care knowledge, back care behaviour, pos-
ture, trunk extension endurance and hamstring flexibility.
Based on GRADE methodology, we found that the evi-
dence ranged from very low to moderate quality.
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