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Abstract

Background A significant proportion of children and adolescents experience back pain. However, a comprehensive
systematic review on the effectiveness of rehabilitation interventions is lacking.

Objectives To evaluate benefits and harms of rehabilitation interventions for non-specific low back pain (LBP) or tho-
racic spine pain in the pediatric population.

Methods Seven bibliographic electronic databases were searched from inception to June 16, 2023. Moreover, refer-
ence lists of relevant studies and systematic reviews, three targeted websites, and the WHO International Clinical

Trials Registry Platform were searched. Paired reviewers independently conducted screening, assessed risk of bias,

and extracted data related to study characteristics, methodology, subjects, and results. Certainty of evidence was eval-
uated based on the GRADE approach.

Results We screened 8461 citations and 307 full-text articles. Ten quantitative studies (i.e., 8 RCTs, 2 non-randomized
clinical trials) and one qualitative study were included. With very low to moderate certainty evidence, in adoles-
cents with LBP, spinal manipulation (1-2 sessions/week over 12 weeks, 1 RCT) plus exercise may be associated

with a greater likelihood of experiencing clinically important pain reduction versus exercise alone; and group-based
exercise over 8 weeks (2 RCTs and 1 non-randomized trial) may reduce pain intensity. The qualitative study found
information provided via education/advice and compliance of treatment were related to effective treatment. No
economic studies or studies examining thoracic spine pain were identified.

Conclusions Spinal manipulation and group-based exercise may be beneficial in reducing LBP intensity in adoles-
cents. Education should be provided as part of a care program. The overall evidence is sparse. Methodologically rigor-
ous studies are needed.
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Introduction

A significant proportion of children and adoles-
cents experience back pain (i.e., thoracic spine pain
and low back pain). A systematic review reported
that the annual prevalence of low back pain (LBP) is
33.6% (95%CI 26.9%, 41%) in children and adolescents
(<18 years old) [1]. The lifetime prevalence of tho-
racic spine pain (TSP) varies from 9.5% to 72% in chil-
dren and adolescents [2]. Most episodes of spinal pain
(including neck and back pain) are brief in children
and adolescents; however, 31% have a recurrence of
spinal pain over one year and up to 25% have three or
more episodes over one year, and approximately 13%
reported episodes lasting five or more weeks [3, 4].
In a cross-sectional international study (650,851 par-
ticipants), the prevalence of back pain in adolescents
increases from early to late adolescents, and into young
adulthood [5].

Two recent systematic reviews assessed the effective-
ness of manual therapy to treat a number of conditions
including back pain in children and adolescents, but a
judgement of effectiveness was precluded due to lim-
ited and low-quality evidence (e.g., 4 studies including
one case series and one cohort study without a control
group in Prevost et al. [2019] review and only one study
in Driehuis et al. [2019] review) [6, 7]. Another system-
atic review and meta-analysis evaluating the effective-
ness of conservative interventions for LBP in children
and adolescents reported that exercise interventions
may be promising for improving pain intensity in chil-
dren compared to no treatment. However, this review
included studies with mixed neck, shoulder and back
pain participants, and given their literature search is
outdated (included studies until 2013), this evidence
needs updating [8].

To inform healthcare professionals in a variety of clini-
cal, rehabilitation or community settings for evidence-
based care, we conducted an integrative systematic
review of quantitative, qualitative, and economic evi-
dence regarding the rehabilitative management of back
pain (including TSP and LBP) in children and adolescents
aged 19 years and younger.

Methods

We registered our protocol on the International Pro-
spective Register of Systematic Reviews (PROSPERO)
(CRD42019135009) and published it in BM]J Open [9].
We reported our systematic review according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (Additional file 1) [10],
and the Synthesis Without Meta-analysis (SWiM) report-
ing guideline [10].
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Eligibility criteria

Our review included studies that: 1) enrolled chil-
dren and adolescents (aged 19 years or younger) with
non-specific LBP or TSP; 2) investigated rehabilitation
interventions (Table 1); 3) compared the intervention
of interest with other conservative interventions, pla-
cebo or sham, wait list, standard care, and no interven-
tion (including intervention of interest as an addition
to active comparison interventions where the attrib-
utable effect of the comparison interventions can be
isolated); and 4) reported patient-important outcomes
related to functioning as described by the Interna-
tional Classification of Functioning, Disability and
Health (ICF) framework [11] domains body functions
and structures (to describe a child’s impairment such
as pain), and activities and participation (to describe
a child’s functional status and involvement in life situ-
ations), adverse events, cost measures or qualitative
outcomes (Table 2). We used the Convention on the
Rights of the Child and the WHO definitions of chil-
dren (<18 years of age) and adolescents (10-19 years
of age) [12, 13].

The rehabilitation process is designed to assist individ-
uals in regaining, improving, or maximizing functioning
and quality of life after experiencing injuries, surgeries,
diseases, or other health-related issues [14]. It encom-
passes a diverse range of interventions (single or in com-
bination) and clinical disciplines, tailored to the specific
needs of each individual. The ultimate goal of a rehabili-
tation process is to facilitate the highest level of inde-
pendence and participation in daily life, school, work,
and leisure activities, adapting to limitations when nec-
essary and enhancing overall well-being. For instance, a
person recovering from a low back injury might engage
in a rehabilitation process that includes education on
back care, targeted exercises, spinal manipulation, and
psychological support to manage pain and promote re-
engagement in daily activities, exemplifying a holistic
approach to recovery.

Given the comprehensive nature of the rehabilitation
process, our systematic review remains open to the inclu-
sion of studies that might focus on specific aspects of the
rehabilitation process, including those that emphasize
pain relief as a primary outcome. Recognizing pain as a
significant barrier to participation and engagement in
rehabilitation activities, studies dedicated to understand-
ing and managing pain are considered valuable. Effective
pain management is not only critical for the immediate
relief of symptoms but also plays a crucial role in enabling
individuals to actively participate in their rehabilitation
journey and achieve long-term goals of independence
and improved quality of life. Such an approach is aligned
with the World Health Organizations person-centered
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Table 1 Examples of rehabilitation interventions

Intervention Definition Examples

Acupuncture Any body-needling, moxibustion, electric « Traditional needling
acupuncture, laser acupuncture, microsystem « Dry needling
acupuncture, and acupressure « Burning of specific herbs

« Electro-acupuncture
« Photo-acupuncture

Assistive devices Any item, piece of equipment or product system, - Walking aids
used to increase, maintain, or improve the func- - Orthoses
tional capabilities of people with disabilities « Braces
« Wheelchairs
Exercise A subcategory of physical activity that is planned, - Stretching
structured, repetitive, and purposeful; can be - Strengthening
supervised (e.g., by a healthcare professional) - Range of motion exercises
or unsupervised - Aerobic (e.g., swimming, cycling, walking, running)
« Anaerobic (e.g., jumping, sprinting, weight lifting)
Manual therapies - Manipulation: Techniques incorporating a high- - Lumbar manipulation, mobilization, or traction
velocity low-amplitude impulse or thrust applied  « Massage
at or near the end of a joint’s passive range « Muscle energy technique
of motion - Strain-counterstrain

- Mobilization: Techniques incorporating a low-
velocity and small or large amplitude oscilla-
tory movement, within a joint’s passive range

of motion

- Traction: Manual or mechanically assisted appli-
cation of an intermittent or continuous distractive
force

- Soft tissue therapy: A mechanical form

of therapy where soft-tissue structures are
pressed and kneaded, using physical contact
with the hand or mechanical device

Modifications to environment - Ergonomic interventions at school or work
Passive physical modalities A form of cold, heat, or light application affect- « Heat application: heat pack, hydrotherapy
ing the body at the skin level or ultrasonic - Cryotherapy: cold pack, vapocoolant spray
or electromagnetic radiation affecting structures - Low-level laser
beneath the skin surface: « Electrical muscle stimulation

- Passive assistive devices: Device to encourage « Pulsed electromagnetic therapy
immobilization in anatomic positions or actively
inhibit or prevent movement

Patient or caregiver education and self-man-  Teaching patients skills that they can use to man- - Learning disease-specific information
agement strategies (structured or unstruc- age their health condition - Learning general managing skills (e.g., problem-
tured) solving, finding and using community resources,
working with healthcare team)
- Learning strategies to increase confidence (i.e.,
self-efficacy) in ability to engage in behaviours
that are needed to manage their condition
on a daily basis
- Adequate peer role models and support networks
that facilitate the initiation and maintenance
of desired behavioural changes

Pharmacological interventions A substance used in treating disease or relieving - Acetaminophen
pain « Nonsteroidal anti-inflammatory drugs

+ Muscle relaxants

- Antidepressants

Psychological interventions Activities used to modify behaviour, emotional - Cognitive behavioural therapy
state, or feelings - Counselling
« Social network and environment-based therapies
« Psychoeducational interventions
« Mindfulness meditation

perspective on rehabilitation, which emphasizes address- We included randomized controlled trials (RCT),
ing the most pressing needs of individuals undergoing cohort studies, case—control studies, and mixed-methods
rehabilitation, including pain management [11]. studies (quantitative component) for effectiveness and
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safety of interventions; qualitative and mixed-methods
studies (qualitative component) for users’ experiences,
preferences, expectations, and valued outcomes of inter-
ventions; and trial- and model-based full economic eval-
uations for cost-effectiveness of interventions (Table 2).

Information sources

A health sciences librarian developed search strategies
reviewed by a second health sciences librarian, using
the Peer Review of Electronic Search Strategies (PRESS)
checklist [15, 16]. The searches included a combination
of subject headings specific to databases (e.g., MeSH in
MEDLINE) and free text words to capture the key con-
cepts of rehabilitative management of back pain in chil-
dren and adolescents (Additional file 2).

We searched the following databases from inception
to June 16, 2023: MEDLINE (Ovid), Embase (Ovid), Psy-
cINFO (Ovid), CINAHL (EBSCOhost), the Index to Chi-
ropractic Literature (Chiropractic Library Collaboration),
the Cochrane Controlled Register of Trials (Ovid), and
EconLit (EBSCOMost).

To mitigate the potential impact of publication bias,
we further searched: 1) reference lists of included stud-
ies and relevant systematic reviews; 2) three websites (the
Canadian Paediatric Society, the American Academy of
Pediatrics, the European Paediatric Association); and 3)
the WHO International Clinical Trials Registry Platform
[17]. We included studies in any language.

Screening for eligibility

We conducted training exercises prior to initiating the
screening process. Reviewers screened a random sam-
ple of 50 titles/abstracts and 25 full-text articles. Paired
reviewers reached>90% agreement before starting
screening [18].

Pairs of reviewers independently screened titles and
abstracts retrieved from electronic databases, and sub-
sequently the full text of each selected article to confirm
inclusion. Paired reviewers discussed disagreements to
reach consensus, involving a third reviewer, if necessary.

Furthermore, one reviewer screened reference lists
of included studies and relevant systematic reviews, the
three websites, and protocols retrieved from the WHO
International Clinical Trials Registry Platform. A sec-
ond reviewer reviewed the screening performed by the
first reviewer. Disagreements were resolved through
discussion.

Risk of bias in individual studies

We assessed the quality of studies using the Cochrane
Risk of Bias (ROB) 1 tool [19] for RCTs; the risk of bias
tool for nonrandomised studies for interventions (ROB-
INS-I) for cohort studies [20]; and the Joanna Briggs
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Institute (JBI) Critical Appraisal Checklist for qualitative
studies [21]. We categorized the validity or credibility
of each study as either low risk of bias, unclear or high
risk of bias. Paired reviewers independently assessed the
eligible studies for quality. We contacted one author to
request additional data for clarification [22]. Any disa-
greements between reviewers were resolved through dis-
cussion or with a third reviewer.

Data items and data extraction process

Paired reviewers independently extracted the data from
all eligible studies and solved disagreements through dis-
cussion or a third reviewer. For the quantitative studies,
we extracted data on the study and participant character-
istics; intervention and comparator intervention charac-
teristics using the Template for Intervention Description
and Replication (TIDieR) checklist [23]; outcomes
according to the ICF categories [24—26]; adverse events;
key findings; and methodological quality. We used the
PerSPecTIF question formulation framework to guide
data extraction for the qualitative studies regarding the
items: perspective, setting, phenomenon of interest, envi-
ronment, timing, and findings (e.g., themes) [27].

Data synthesis
We used a sequential approach at the review level to syn-
thesize and integrate the data [28]. This involved separate
quantitative and qualitative findings synthesis followed
by integration of the resultant quantitative and qualita-
tive evidence.

Quantitative synthesis
We assessed clinical heterogeneity among studies. Differ-
ences in populations, interventions, comparators, or out-
comes across studies resulted in clinical heterogeneity.
To quantify the effectiveness of interventions, effect
estimates (e.g., mean differences [MD], odds ratio or rela-
tive risk) and precision of the estimate (95% confidence
interval [CI]) were extracted or computed. This system-
atic review used two criteria to determine whether an
intervention was effective: 1) precision of the estimate
and 2) magnitude of the estimate. Generally, differences
were considered statistically significant if the 95% CI
excluded zero in the mean difference (MD) or one in a
risk ratio. An effect estimate of at least 10% of the range
of the scale (for mean differences or median scores) or
at least 10% difference for dichotomous outcomes, was
considered clinically important [29]. We described the
effectiveness of interventions as either “improve/reduce”
or “make little difference” to outcomes in comparison to
placebo/sham, control or another intervention (Table 3).
An intervention was considered to “improve/reduce” out-
comes (depending on direction) versus the comparison if
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Table 3 Standard statements for reporting effects
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Important benefit/harm?®

No important benefit/harm®

High certainty evidence
evidence)

Moderate certainty evidence
erate certainty evidence)

Low certainty evidence
tainty evidence)

Very low certainty evidence

[Intervention] improves/reduces [outcome] (high certainty
[Intervention] probably improves/reduces [outcome] (mod-

[Intervention] may improve/reduce [outcome] (low cer-

[Intervention] makes little difference to [outcome] (high
certainty evidence)

[Intervention] probably makes little difference to [outcome]
(moderate certainty evidence)

[Intervention] may make little difference to [outcome] (low
certainty evidence)

It is uncertain whether [intervention] improves/reduces [outcome] because the certainty of this evidence is very low

Adapted from: Cochrane Effective Practice and Organisation of Care (EPOC). Reporting the effects of an intervention in EPOC reviews. EPOC resources for review

authors. 2018

2 If an effect estimate was at least 10% of the range of the scale (for mean differences or median scores) or at least 10% difference for dichotomous outcomes, and the
95% Cl did not cross the line of no effect, the effect was worded as the intervention “improve/reduce” on the outcome

®In all instances, if the 95% Cl crossed the line of no effect, the effect was worded as the intervention having little or no difference’ on the outcome versus describing

a specific direction of effect (e.g., improve, reduce)

the effect estimate was clinically important, and its 95%
CI was statistically significant. An intervention was con-
sidered “make little difference” to outcomes versus the
comparison if the effect estimate was: 1) not clinically
important; or 2) the 95% CI was not statistically signifi-
cant. We assessed the safety of interventions by identify-
ing and categorizing adverse events reported in studies.

Table 4 Grading the evidence notes

We applied the Grading of Recommendations, Assess-
ment, Development, and Evaluation (GRADE) approach
to assess the certainty of evidence for each outcome
(Table 4) [30]. Recognizing the unique challenges of
rehabilitation research, we adapted our application of
GRADE to emphasize a context-sensitive analysis across
five key domains: risk of bias, imprecision, publication

Risk of bias

Options are not serious, serious (rate certainty of evidence down one level, e.g., from high to moderate), and very serious (rate certainty of evidence

down two levels, e.g., from high to low):

1. Not serious: study rated as ‘low risk of bias’or ‘unclear risk of bias'(e.g., unclear co-interventions, no detailed randomization method described but sim-

ilar baseline characteristics between groups)

2. Serious: study rated as 'high risk of bias'with unbalanced baseline characteristics between groups, unclear co-interventions, high/unbalanced drop-

out and/or unclear intention-to-treat analysis

3. Very serious: study rated as 'high risk of bias'with unclear randomization sequence generation, inadequate allocation concealment and/or uncler/lack

of blinding
Imprecision

Options are not serious, serious (rate certainty of evidence down one level), and very serious (rate certainty of evidence down two levels). Impreci-

sion assessed using between-group effect [point estimate (95% Cl)]

1. Not serious: If the point estimate is not clinically important: the upper and lower boundaries of the Cl do not cross a clinically important threshold;
the Cl may cross the null as long as neither boundary crosses a clinically important threshold. If the point estimate is clinically important: the Cl does
not cross the null and the boundaries do not cross a clinically important threshold

2. Serious: If the point estimate is not clinically important: the Cl may or may not cross the null but one of the boundaries crosses a clinically important
threshold. If the point estimate is clinically important: the Cl may cross the null but does not cross a clinically important threshold in the other direction
3. Very serious: If the point estimate is or is not clinically important: the Cl crosses the boundaries of both appreciable harm and benefit (i.e., very wide

@)]
Indirectness

Options are not serious, serious (rate certainty of evidence down one level), and very serious (rate certainty of evidence down two levels). Indirect-
ness assessed whether the patients, interventions, or outcomes are different from the research question under investigation

Inconsistency

Options are not serious, serious (rate certainty of evidence down one level), and very serious (rate certainty of evidence down two levels). Inconsist-

ency assessed effect estimate variance in direction or magnitude

1. Not serious: effect estimates are consistent in direction and magnitude across studies
2. Serious: effect estimates vary in magnitude across studies and the heterogeneity could not be explained
3. Very serious: effect estimates vary in direction across studies and the heterogeneity could not be explained

Publication bias

Publication bias assessed using funnel plot if possible, or based on available information from clinical trial registries
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bias, inconsistency, and indirectness, as suggested by
Cancelliere et al. (2023) [31]:

1.Risk of Bias: We assessed the risk of bias in individ-
ual studies, understanding that the internal validity of
studies is crucial for confidence in our findings. High-
quality (low risk of bias) studies were prioritized to
ensure the credibility of our evidence synthesis.
2.Imprecision: We evaluated the precision of effect
estimates, paying close attention to the width of con-
fidence intervals, while also taking into account mini-
mal clinically important differences.

3.Publication Bias: To mitigate the potential for
publication bias, we systematically searched for
and included studies from a broad range of sources,
including reference lists of included studies and rel-
evant systematic reviews, targeted websites, and the
World Health Organization International Clinical
Trials Registry Platform.

4.Inconsistency: Given the expected challenge of
achieving clinical homogeneity in context-sensitive
research like ours, we anticipated findings from only
one study per PICO question. Therefore, we did not
automatically downgrade the certainty of evidence
for inconsistency if only one study was available. We
recognized the inherent heterogeneity of rehabilita-
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tion interventions and their outcomes, prompting
us to judiciously evaluate the homogeneity (or lack
thereof) among populations, interventions, compara-
tors, and outcomes across studies before deciding on
meta-analyses or opting for a descriptive synthesis
approach when more appropriate.

5.Indirectness: We addressed indirectness by using
clear and focused eligibility criteria to enhance the
applicability of our findings to the target patient pop-
ulation. We ensured the evidence directly addressed
our research question by confirming the direct rel-
evance of populations, interventions, comparators,
and outcomes to our clinical focus.

Integration of quantitative and qualitative evidence

We integrated the evidence by juxtaposing findings in a
matrix to generate hypotheses regarding the effectiveness
and safety of rehabilitation interventions for LBP in chil-
dren and adolescents [28].

Results

Study selection

We screened 8461 citations and 307 full-text articles,
and included 11 studies (Fig. 1). Of these 11 studies, the

{ Identification of studies via other methods }

Full text articles not retrieved
(n=1)

A4

[ Identification of ies via and registers
—
3
<} Records removed before . L X
s Records identified from: screening: Records |_dent|f|e_d from:
& = > ; Websites (n = 916)
&= Databases (n = 7166) > Duplicate records removed Reference list searching
g Registers (n = 483) (n=1148) (n = 1044)
=
-
_ :
Title/Abstract screened »| Title/Abstract excluded due
(n =6501) to ineligibility (n = 6199)
Full text articles sought for o | Full text articles not retrieved Full text articles sought for
2 retrieval (n = 302) "l n=0) retrieval (n = 5)
e
; l !
o
@ Full text articles excluded (n =
Full text articles assessed R 290): _ Full text articles assessed
for eligibility (n = 302) > :nellggl;)le research question for eligibility (n = 0)
n=
Ineligible population (n = 235)
Ineligible intervention (n = 2)
Ineligible outcome (n = 3)
Ineligible study design
(n=35)
v Duplicate (n=7)

Studies included in review
(n=11)

Reports of included studies
(n=12)*

*Two full text articles reported one RCT.

Fig. 1 Identification and Selection of Articles (PRISMA 2020 flow diagram)

Full text articles excluded (n = 4):
Ineligible population (n = 3)
Ineligible study design (n = 1)
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effectiveness of rehabilitation interventions were inves-
tigated in 10 quantitative studies including eight RCTs
(518 participants) [22, 32-39] and two non-randomized
clinical trials (40 participants) [40, 41] (Table 5), and
one qualitative study investigated patients’ experience
of physiotherapy (14 Participants) [42] (Table 6). We did
not identify studies on cost-effectiveness of rehabilita-
tion interventions. One RCT was reported in two full text
articles [35, 36]. Two hundred ninety-five articles were
excluded based on full text screening due to: 1) ineligi-
ble research question (8 articles); 2) ineligible population
(238 articles); 3) ineligible intervention (2 articles); 4)
ineligible outcome (3 articles); 5) ineligible study designs
(36 articles); 6) duplicates (7 articles); and 7) cannot
retrieve (1 article) (Additional file 3).

Study characteristics

Quantitative studies (Table 5)

The mean age of participants ranged from 12.3 to
18 years old. Among participants in the eight studies
reporting sex, 50.4% (n=261) were female [22, 32-34, 37,
38, 40, 41]. All studies included participants with nonspe-
cific LBP, with no studies focusing on TSP. Participants
received various rehabilitation interventions including
exercise (4 studies) [34—-36, 39, 40], spinal manipula-
tion (2 studies) [22, 33], cognitive therapy (1 study) [38],
whole-body vibration (1 study) [37], and multimodal
care (2 studies) [32, 41]. The duration of rehabilitation
interventions varied: 1) four weeks (1 study) [22]; 2)
eight weeks (4 studies) [34—36, 38, 40]; and 3) 12 weeks
(4 studies) [32, 33, 37, 39]; and 4) variable duration (1
study) [41]. These 10 studies investigated rehabilitation
interventions: 1) as an addition to active comparison
interventions where the attributable effect of the com-
parison interventions can be isolated (4 studies) [32, 33,
37, 39]; 2) compared to no treatment (3 studies) [34—36,
38]; 3) compared to sham (1 study) [22]; and 4) compared
to other active interventions (2 studies) [40, 41], respec-
tively. Outcomes included LBP intensity (9 studies) [22,
32-40], function (5 studies) [22, 32, 33, 38, 41], quality
of life (2 studies) [32, 33], improvement (2 studies) [22,
33], satisfaction (1 study) [33], wellbeing (1 study) [34],
feelings about school and life (1 study) [34], absence
from school or physical activity (1 study) [35], and health
resource utilization (1 study) [22]. The 10 studies were
clinically heterogeneous, therefore, a meta-analysis was
not conducted [43].

Qualitative study (Table 6)

The qualitative study used grounded theory method-
ology to explore the experience of adolescents (aged
12-18 years) with LBP who received individually tailored
physical therapy and home exercise [42].
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Risk of bias assessment

Among eight RCTs, one was rated as overall unclear
risk of bias [33] and seven were rated as high risk of
bias [22, 32, 34—39] (Table 7, Risk of Bias Assessment
of Included Studies). The two non-randomized clinical
trials were rated as overall serious risk of bias (Table 8,
Risk of Bias Assessment of Included Studies) [40, 41].
One qualitative study was rated as overall low risk of
bias (Table 9) [42].

Synthesis of quantitative studies

Spinal manipulation

Two RCTs evaluated the effectiveness of spinal manipu-
lation in adolescents with LBP [22, 33]. (Table 10).

Spinal manipulation and exercise versus same exer-
cise One RCT compared spinal manipulation (1-2 ses-
sions/week over 12 weeks) plus exercise (12 weeks) to the
same exercise [33].

For pain, immediately following a 12-week treatment,
participants in the spinal manipulation group were more
likely to experience a clinically important reduction (RR
2.15 [1.16, 3.98] for 75% pain reduction, moderate cer-
tainty evidence; and RR 2.68 [1.01, 7.12] for 100% pain
reduction, low certainty evidence). Similar results were
observed immediately and at 3 and 9 months follow-
ing the 12-week treatment, with the largest effect size at
3 months and smallest at 9 months following the treat-
ment. For details, see Table 10 and Additional file 4.

Twelve-week spinal manipulation made little differ-
ence to function (RMDQ, MD 0.54 [-0.25, 1.34]), quality
of life (PedsQL, MD 1.33 [-1.64, 4.31]), patient-reported
improvement (a 9-point scale, MD -0.29 [-0.66, 0.09])
or satisfaction (a 7-point scale, MD -0.36 [-0.65, -0.07])
immediately following the treatment (moderate certainty
evidence). Similar results were observed at 3 months or
9 months following the treatment (moderate certainty
evidence). For details, see Table 10 and Additional file 4.

Due to very low certainty evidence, it is uncertain
whether participants in spinal manipulation plus exer-
cise group and exercise alone group had similar chance of
experiencing adverse events (RR 1.00 [0.16, 6.30]).

Spinal manipulation and exercise versus sham manipu-
lation and same exercise One RCT compared spinal
manipulation (2 sessions in total over one week) and
exercise (4 weeks) to sham spinal manipulation and the
same exercise [22].
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Table 8 Risk of Bias of Cohort Studies Based on the ROBIS-I tool Criteria

Study Biasdueto  Biasin Bias in Bias due to Bias due Bias in Bias in Overall risk of
confounding selection of classification  deviations tomissing  measurement selectionof  bias
participants  of from data of outcomes the reported
into the study interventions intended result
interventions

Harringe etal.  Serious Low Low Low Serious Serious Low Serious
(2007) [40]
Selhorstetal.  Serious Low Low Low Low Serious Low Serious
(2021) [41]
Table 9 Risk of Bias of Qualitative Study Based on the JBI tool Criteria
Ahlqwist et al. (2012) [42] (Ahlqwist and Sélifors 2012) [42]
1.Is there congruity between the stated philosophical perspective and the research methodology? No
2.Is there congruity between the research methodology and the research question or objectives? Yes
3.Is there congruity between the research methodology and the methods used to collect data? Yes
4.ls there congruity between the research methodology and the representation and analysis of data? Yes
5.Is there congruity between the research methodology and the interpretation of results? Yes
6.Is there a statement locating the researcher culturally or theoretically? No
7.1s the influence of the researcher on the research, and vice- versa, addressed? Yes
8.Are participants, and their voices, adequately represented? No

9.Is the research ethical according to current criteria or, for recent studies, and is there evidence of ethical approval by an appropriate body? Yes

10.Do the conclusions drawn in the research report flow from the analysis, or interpretation, of the data? No

Overall appraisal

Include

For pain, two sessions of spinal manipulation made lit-
tle difference to LBP intensity (measured by scale 0-10
on numerical rating scale [NRS]) immediately following
the treatment (MD -0.58 [-1.49, 0.33]) and at 5 months
following the treatment (MD -0.26 [-0.82, 0.31]) (low to
moderate certainty evidence).

Low certainty evidence suggests that spinal manipula-
tion made little difference to function (PSFS) immediately
following the treatment (MD 2.8 [-0.91, 5.51]) and at the
5 months following the treatment (MD 1.08 [-2.2, 4.36],
PFPS), and improvement (Global Rating of Change) (MD
0.66 [-0.95, 2.27]) immediately following the treatment.

Due to very low certainty evidence, it is uncertain
whether participants in both the spinal manipulation and
sham groups were equally likely to use health resources
(RR 0.59 [0.25, 1.39], by evaluation of seeking additional
treatment for LBP during follow-up period) or have a
recurrence of symptoms (RR 0.77 [0.45, 1.30], significant
enough to impair participation during follow-up period).

Due to very low certainty evidence, it is uncertain
whether participants in the spinal manipulation group

and sham group had an equal chance of experiencing
adverse events [22].

Group-based exercise

Four RCTs evaluated the effectiveness of group-based
exercise in adolescents with LBP [34-36, 39, 40].
(Table 10, Additional file 4).

Group-based exercise, monthly personal tailored exer-
cise and home-based exercise versus monthly personal
tailored exercise and home-based exercise One RCT
compared group-based exercise (one session/week over
12 weeks) combined with monthly personal tailored
exercise and home-based exercise to the same monthly
exercise and home-based exercise [39]. It is uncertain
whether the addition of weekly group exercise made little
difference to LBP intensity (MD -1.2 [-2.65, 0.25], scale
range 0—10 on a Visual Analogue Scale [VAS]; very low
certainty evidence) immediately following the 12-week
treatment.

Group-based exercise versus no treatment Two RCTs
compared group-based progressive exercise provided at
school for eight weeks to no treatment34-36.
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Table 10 Brief Evidence Profile
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Intervention

Overall findings

Spinal manipulation

Spinal manipulation and exercise
versus

Same exercise

(1 RCT) (Evans et al.,, 2018) [33]

Spinal manipulation and exercise
versus

Sham and same exercise

(1 RCT) (Selhorst et al,, 2015) [22]

Group-based exercise

Group-based exercise, monthly personal tailored exercise and home-
based exercise

versus

Monthly personal tailored exercise and home-based exercise

(1 RCT) (Vitman et al,, 2022) [39]

Group-based exercise

versus

No treatment

(2 RCTs) (Fanucchi et al,, 2009 [34]; M. Jones et al,; 2007 [35], M. A. Jones
etal, 2007) [36]

Group-based exercise

versus

Advice and individual training

(1 non-randomized controlled trial) (Harringe et al., 2007) [40]

Whole-body vibration

Whole-body vibration and trunk stabilization exercise
versus

Trunk stabilization exercise

(1 RCT) (Jung et al., 2020) [37]

Cognitive functional therapy

Cognitive functional therapy
Versus

No treatment

(1 RCT) (Ng et al.,, 2015) [38]

Multimodal care

Multimodal care, home exercise and education
Versus

Home exercise and education

(1 RCT) (Ahlgwist et al., 2008) [32]

Physiotherapist-led multimodal care (exercise, manual therapy, modalities
for pain)

Versus

Physician-led care (including physiotherapy)

(1 non-randomized controlled trial) (Selhorst et al,, 2021) [41]

Spinal manipulation (1-2 sessions/week) over 12 weeks

+ Reduce pain intensity (low to moderate certainty evidence)

- Do not provide additional benefit in improving function, quality of life,
patient-reported improvement and patient-reported satisfaction (moderate
certainty evidence)

- Do not cause more adverse events than control (very low certainty
evidence)

Spinal manipulation (2 sessions in total over one week) does not bring
additional benefits in improving

- Pain intensity (low to moderate certainty evidence)

- Function (low certainty evidence)

- Improvement (low certainty evidence)

- Recurrence of symptoms (very low certainty evidence)

- Health resources use (very low certainty evidence)

And

- And do not cause more adverse events than control (very low certainty
evidence)

Group-based exercise (one session/week over 12 weeks)
- Do not reduce LBP intensity (very low certainty evidence)

Group-based progressive exercise provided at school for eight weeks

- Reduce pain intensity (very low to low certainty evidence) ((Fanucchi

et al, 2009 [34]; M. Jones et al; 2007 [35], M. A. Jones et al.,, 2007) [36]

- Do not improve absence from physical activity and school (very low

to low certainty evidence) (M. Jones et al,, 2007 [35]; M A. Jones et al., 2007)
[36]

-+ Do not improve well-being and feelings about school and life (very low
to low certainty evidence) (Fanucchi et al., 2009) [34]

Group-based muscle control exercise over eight weeks

- Reduce days with pain (very low certainty evidence)

+ Do not reduce maximum and median pain intensity (very low certainty
evidence)

Whole-body vibration (3 times per week over 12 weeks)
- Do not reduce LBP intensity (very low certainty evidence)

Cognitive functional therapy over eight weeks
- Reduce LBP intensity (very low certainty evidence)
- Improve function (very low certainty evidence)

multimodal care (including supervised exercise; manual therapy
and mechanical diagnostic therapy as needed) (1 session per week
over 12 weeks) does not provided additional benefit in

+ Reducing pain intensity (very low certainty evidence)

« Improving function (low certainty evidence)

- Improving quality of life (very low certainty evidence)

Physiotherapist-led care (exercise, manual therapy, modalities for pain)
- Do not improve function (very low certainty evidence)

LBP low back pain
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For pain, low certainty evidence suggests that group-
based exercise reduced pain immediately following the
treatment (MD -2.3 [-3.1 to -1.5]; scale range 0 to 10 on
NRS; 1 RCT) [35, 36]. However, at 4 weeks following the
treatment, it is uncertain whether group-based exercise
reduced pain (MD -1.50 [-2.68, -0.32]; scale range 0 to 10
on VAS), or whether participants in group-based exercise
group were less likely to have LBP (RR 0.74 [0.57, 0.94]; 1
RCT) [34]. Low certainty evidence from the same study
suggests that group-based exercise participants were less
likely to have LBP at 4 months following the treatment
(RR 0.52 [0.34, 0.78]; 1 RCT) [34].

For absence from school, group-based exercise made
little difference to absence from school during the past
seven days (MD 0 [-0.1, 0.1]; low certainty evidence, 1
RCT) immediately following the treatment [35, 36]. For
absence from physical activity, due to very low certainty
evidence (1 RCT), it is uncertain whether group-based
exercise made little difference to absence from physical
activity during the past seven days (MD 0.6 day [-1, 0.2])
immediately following the treatment [35, 36].

For well-being, group-based exercise made little dif-
ference at 4 weeks following the treatment (MD 0 [-1.69,
1.69], scale range 5-30 on the Mental Health Inventory-5
(MHI-5), 30=psychosocial well-being; 1 RCT, low cer-
tainty evidence) [34]. Similar results were observed for
well-being, and feelings about school and life at 4 weeks
and 4 months following the 8-week group exercise. For
details, see Table 10 and Additional file 4.

Group-based exercise versus advice and individual
training One non-randomized clinical trial compared
8-week group-based muscle control exercise to advice
and individual training [40]. Due to very low certainty
evidence, it is uncertain whether group-based exercise
reduced days with pain during the four weeks period
immediately after the 8-week treatment (between-group
mean difference not reported). Due to very low certainty
evidence, it is uncertain whether group-based exercise
made little difference to maximum and median pain
intensity during the four weeks after the 8-week treat-
ment (between-group mean difference not reported).

Whole-body vibration

Whole-body vibration and trunk stabilization exercise
versus trunk stabilization exercise One RCT evaluated
whole-body vibration when added to trunk stabilization
exercise in adolescents with LBP, it is uncertain whether
its addition made little difference to LBP intensity when
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compared to trunk muscle stabilization exercise alone
(MD -0.66 [-1.27, -0.05], scale range 0—10 on NRS; very
low certainty evidence) immediately following a 12-week
treatment among adolescents [37]. (Table 10, Additional
file 4).

Cognitive functional therapy

Cognitive functional therapy versus no treatment One
RCT compared cognitive functional therapy to no treat-
ment in adolescents with LBP [38]. Due to very low
certainty evidence, it is uncertain whether 8 weeks of
cognitive functional therapy 1) reduced LBP intensity
following a 15-min ergometer trial immediately post-
intervention (MD -2.4 [-4.1, -0.63], scale range 0 to 10
on NRS); and 2) improved function immediately follow-
ing the treatment (MD 4.1 [0.9, 7.3], scale range 0—30 on
PFPS, 30=no function limitation) and four weeks after
the 8-week treatment (MD 4.0 [0.8, 7.2], PFPS). (Table 10,
Additional file 4).

Multimodal care

One RCT and one non-randomized controlled trial eval-
uated the effectiveness of multimodal care in adolescents
with LBP [32, 41]. (Table 10, Additional file 4).

Multimodal care, home exercise and education versus
home exercise and education One RCT compared mul-
timodal care (including supervised exercise; manual ther-
apy and mechanical diagnostic therapy as needed) plus
home exercise and education to the same home exercise
and education [32].

Due to very low certainty, it is uncertain whether the
addition of multimodal care made little difference to
LBP intensity (MD -0.5 [-3.9, 2.9], scale range 0—10 on
VAS) and quality of life measured by Child Health Ques-
tionnaire-Child Form (no standard deviation or 95%CI
reported) when compared to home exercise and educa-
tion alone immediately following a 12-week treatment.

For function, multimodal care did not improve func-
tion when compared to home exercise and education
alone (MD -0.8 (-2.31, 0.7), scale range 0—-24 on RMDQ)
immediately following a 12-week treatment (low cer-
tainty evidence).

Physiotherapist-led multimodal care (exercise, man-
ual therapy, modalities for pain) versus physician-led
care One non-randomized clinical trial compared
physiotherapist-led care (exercise, manual therapy,
modalities for pain) to physician-led care (including
physiotherapy). The mean days of care provided was
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62 days. It is uncertain whether multimodal care made
little difference to function (MD 6 [-13.22, 25.22], scale
range 0—100 on Micheli Functional Scale; very low cer-
tainty evidence) [41].

Summary of quantitative findings

There is low to moderate certainty evidence that spi-
nal manipulation (1-2 sessions/week over 12 weeks)
and exercise may be associated with a greater likeli-
hood of experiencing clinically important pain reduc-
tion versus exercise alone immediately following the
intervention and in the short-term in adolescents with
LBP [33]. There is very low to low certainty evidence
that group-based exercise programs (over 8 weeks) may
reduce pain immediately post-intervention and in the
short-term in adolescents with LBP [34—36, 40]. Due to
very low certainty evidence, the clinical benefit of cog-
nitive functional therapy in improving pain and func-
tion is uncertain [38]. The three interventions included
an education component and reasonable compliance of
the interventions was achieved.

There is low certainty evidence that multimodal care
(including supervised exercise; manual therapy and
mechanical diagnostic therapy as needed) may not
bring additional benefit in improving function when
added to home exercise and education [32]. It is uncer-
tain whether the addition of whole-body vibration
made little difference to pain intensity when compared
to trunk muscle stabilization exercise alone (very low
certainty evidence) [37].

Findings of qualitative study

The qualitative study explored the experiences of ado-
lescents with LBP treated by individually tailored phys-
ical therapy and home exercise [42]. A core category,
mobilizing own resources, emerged from the analysis,
describing how adolescents with LBP succeed in man-
aging their main concern, gaining body confidence, in
daily life. The core category was divided into four cat-
egories labelled: 1) coaching from the physiotherapist,
2) seeking for information, 3) compliance with physio-
therapy, and 4) gaining energy from pain-free moments
(Table 6). Information-seeking is related to information
available to participants that enhance their understand-
ing and leads to change. Compliance with treatment
refers to tailored exercises with the physiotherapist
restoring control to participants on physical as well as
psychological levels, which prompted them to return
for the next appointment.
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Integration of quantitative and qualitative
evidence

We used a joint display table to illustrate the connection
between quantitative and qualitative results (Table 11).
The interventions evaluated in four quantitative studies
fulfilled subcategories 2 and 3 (i.e., seeking for informa-
tion, compliance with treatment) (Table 11) [33, 34, 38,
40]. These interventions improved pain intensity and/
or function (very low to moderate certainty evidence).
Interventions evaluated in other six quantitative studies
did not fulfill at least one of the two subcategories [22,
32, 35-37, 39, 41, 42]. All these interventions except
one (group-based exercise) [35, 36] did not bring
benefit or additional benefit if combined with other
interventions.

Discussion

There is evidence of clinical benefit from spinal manipu-
lation (low to moderate certainty) and group-based exer-
cise (very low to low certainty). Multimodal care did not
appear to be beneficial (very low to low certainty), and
the benefit of both cognitive therapy and whole-body
vibration were uncertain (very low certainty). Qualita-
tive findings suggest that seeking/receiving information
and compliance with treatment are important factors to
mobilize own resources to manage in daily life.

Only two studies evaluated adverse events [22, 33]. Due
to very low certainty evidence, it is uncertain whether
participants receiving spinal manipulation and partici-
pants without spinal manipulation had similar likelihood
of adverse events.

We identified neither studies on TSP, mixed meth-
ods studies, nor economic studies in children and
adolescents.

Strengths and limitations

This systematic review has strengths. First, this review
included comprehensive and peer-reviewed literature
search strategies and examined all non-surgical reha-
bilitation interventions without language restrictions.
Second, this review used a definition of rehabilitation
as proposed by Cochrane Rehabilitation, which allowed
us to capture what can be considered components of
broader rehabilitation interventions that are provided
within the rehabilitation process.

Due to limited number of relevant studies and clinical
heterogeneity, a meta-analysis could not be conducted.
Second, it was challenging to apply GRADE to the
included studies to examine rehabilitation interventions
due to clinical heterogeneity and blinding issues caused
by the nature of rehabilitation interventions. Therefore,
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we adapted the GRADE approach and tailored it to reha-
bilitation studies.

Comparison to other systematic reviews and guideline
There are three systematic reviews identified in evalu-
ating rehabilitation interventions for the management
of LBP in pediatric population published between 2014
and 2019 [6-8]. Our review agreed with the systematic
review by Michaleff et al. (2014) [8] suggesting that a
supervised exercise program was better than no treat-
ment. We augmented this conclusion by adding one
non-randomized clinical trial [40]. However, we do
not agree that a supervised exercise program reduces
absences from physical activity due to a non-clinical
important change [35, 36]. The systematic review by
Driehuis et al. (2019) [6] suggested spinal manipulation
did not bring adverse events; however, our review found
the certainty of evidence is very low. Further studies are
needed before making a conclusion about adverse events
associated with spinal manipulation. Driehuis et al. did
not identify studies on the effectiveness of spinal manip-
ulation for LBP. Last, both Prevost et al. (2019) [7] and
our review found that spinal manipulation reduced LBP
intensity. Our review further clarified that spinal manip-
ulation (1-2 sessions/week over 12 weeks) combined
with exercise is probably associated with a greater like-
lihood of experiencing clinically important pain reduc-
tion immediately following the intervention and over the
short-term versus exercise alone [33]. In addition to all
the three reviews, we identified studies on the effective-
ness of cognitive functional therapy, whole-body vibra-
tion and multimodal care.

Implications

The findings in our review have important implications
for clinical practice. First, as evident in the included qual-
itative study, the patient-doctor relationship should be
highlighted, providing a foundation for a positive interac-
tion that may facilitate increased compliance with treat-
ment towards the goal of recovery (i.e., subcategories 2
and 3: coaching from care providers, compliance with
treatment) [42]. Second, information provided via educa-
tion/advice should be considered as part of care program
[44]. Third, spinal manipulation and group-based exer-
cise may be considered through shared decision-making
to reduce pain intensity in adolescents with LBP based on
low to moderate certainty evidence [33-36].

Compared to previous reviews, evidence is expand-
ing. However, future studies with rigorous methodo-
logical quality are still needed. Two previous systematic
reviews only identified four studies (including one case
series and one cohort study without a control group) [7]
and one study [6], respectively. Our review identified 10
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quantitative studies (i.e., 8 RCTs, 2 non-randomized clin-
ical trials) and one qualitative study. Of those, nine quan-
titative studies had high risk of bias. Specifically, blinding
of participants, treatment providers and outcome asses-
sors (e.g., participants for self-reported outcomes) are the
main challenge in the included RCTs. This challenge is
due to the nature of rehabilitation interventions. To mini-
mize potential biases caused by these issues, future RCTs
can be restricted to participants who are naive to the
studies interventions [31]. Alternatively, future RCTs can
consider measuring treatment credibility/expectancy and
blinding, and consider these in the analysis and interpre-
tation of potential biases and the implications on inter-
vention effect estimates [31]. Furthermore, apart from
RCTs, future studies can consider various study designs
(e.g., quasi-experimental design, qualitative, mixed meth-
ods, and implementation studies) depending on the
research question [31]. These study designs can comple-
ment the evidence obtained from RCTs, therefore con-
tributing to a more holistic perspective on the evaluation
of benefits and harms, specifically for a context-sensitive
condition (e.g., LBP). For example, qualitative studies
can explore patients’ lived experiences and assist better
understanding of evidence from RCTs regarding treat-
ment effects, compliance etc.

Conclusion

Spinal manipulation and group-based exercise may be
beneficial in reducing LBP intensity in adolescents based
on evidence ranging from very low to moderate certainty.
Education should be provided as part of a care program.
Studies with rigorous methodological quality are needed.
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