/~. SIN-CHN

W' SCIENTIFIC PRESS PTE.LTD.

Review

Molecular & Cellular Biomechanics 2024, 21, 71.
https://doi.org/10.62617/mcb.v21.71

Biomechanical comparison of sagittal vertebral column bend change

induced by backpacks in school-aged children and adolescents: Systematic

review and network meta-analysis

Mengchen Ji*, Datao Xu'?, Ee-Chon Teo'?, Julien S. Baker", Jiao Li*", Yaodong Gu"

L Faculty of Sports Science, Ningbo University, Ningbo 315211, China

2 Faculty of Engineering, University of Pannonia, Veszprem 8201, Hungary

3School of Mechanical and Aerospace Engineering, Nanyang Technological University, Singapore 639798, Singapore
* Corresponding authors: Jiao Li, lijiao@nbu.edu.cn; Yaodong Gu, guyaodong@nbu.edu.cn

CITATION

JiM, Xu D, Teo EC, etal.
Biomechanical comparison of sagittal
vertebral column bend change
induced by backpacks in school-aged
children and adolescents: Systematic
review and network meta-analysis.
Molecular & Cellular Biomechanics.
2024; 21: 71.
https://doi.org/10.62617/mch.v21.71

ARTICLE INFO

Received: 6 March 2024
Accepted: 16 May 2024
Available online: 20 June 2024

COPYRIGHT

Copyright © 2024 by author(s).
Molecular & Cellular Biomechanics
is published by Sin-Chn Scientific
Press Pte. Ltd. This work is licensed
under the Creative Commons
Attribution (CC BY) license.
https://creativecommons.org/licenses/
by/4.0/

Abstract: Background: Studies have investigated the effects of backpacks and their loadings
on the physiological spinal curvature changes in school-aged children and adolescents across
different anatomical planes of motion. However, the dose-response relationship between
varying backpack weights and changes in spinal physiological curvature remains unclear due
to the uniformity of study protocols. Objective: The purpose of this systematic review is to
explore the sagittal vertebral column bend change induced by backpacks in school-aged
children and adolescents. Methods: Three relevant authoritative databases (PubMed, Scopus,
and Web of Science) were searched. Indicators of vertebral column bend in the sagittal plane
were selected as the outcomes. In the data organization phase, the extracted data were
standardized and pooled together by the Aggregate Data Drug Information System. The
Cochrane Risk of Bias Assessment Tool and the website of Confidence in Network Meta-
Analysis were used to evaluate the risk of bias and confidence ratings of results. Results: 4
trials were included within 244 potential studies. The results indicated a potential dose-effect
relationship between backpack weight and sagittal vertebral column bend change. The findings
suggested a possible dose-response relationship between backpack weight and sagittal
vertebral column bend change, as evidenced by a sequential reduction in the likelihood of
causing the most negative effect on sagittal vertebral column bend in 4 backpack scenarios:
without backpack, <10%, 10-20%, and >20% of body weight, with probabilities of 0.61, 0.25,
0.13,and 0.01, respectively. The results also indicated that there were no significant differences
in the effects on the sagittal vertebral column bend between the four backpack scenarios, in
pairwise comparisons. Additionally, the results from the risk of bias assessment revealed that
this review suffers from a lack of inclusion of high-quality studies. Moreover, the confidence
rating indicated that both direct and indirect comparisons in the network meta-analysis were
rated as “Very Low” in confidence rating induced by CINeMA. Conclusion: This review
suggests a potential dose-effect relationship between backpack weight and sagittal vertebral
column bend, with no significant differences across each head-to-head comparison.
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1. Introduction

The incidence of posture-related issues among these individuals has become
increasingly acknowledged in recent years [1,2]. Common posture problems include
scoliosis, forward head posture, leg misalignment, and flat feet [3]. The spine is a focal
area for numerous posture problems [4,5]. Various studies indicate that backpacks
significantly affect posture issues, particularly those involving the spine. Studies have
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shown that the weight of a backpack influences lumbar intervertebral disc deformation,
and there exists a positive relationship between the load and vertebral column
curvature [6]. Additionally, the growing usage of school backpacks has brought the
matter of their weight into greater focus [7]. When different weights of backpacks are
applied to children’s lumbar vertebrae, which are the largest weight-bearing cones [8].
In the school-age phase, children encounter multiple stages of postural development
along with considerable growth changes [9]. During these school years, the impact of
backpacks on posture is prone to undergo rapid changes. Failing to address the effects
of backpacks on posture and spinal health in this phase could result in irreversible
damage [10].

Various research on the influence of backpack weight on posture recommends
that children and adolescents should not bear backpacks exceeding 10% of their body
weight [7,11]. Backpacks weighing more than 10% of a child’s body weight can
majorly impact their posture, potentially resulting in musculoskeletal pain and
functional limitations [12,13]. Carrying backpacks that constitute 5% to 10% of body
weight can cause negative postural compensations such as forward head posture,
rounded shoulders, forward-leaning trunk, and increased lumbar lordosis, as well as
detrimental spinal deformities [14].

Moreover, a rise in the weight of backpacks is typically linked to increased pain
[12]. Consequently, parents and healthcare professionals must pay attention to the
weight of backpacks, given their diverse impacts on spinal health under various
loading conditions. Furthermore, there is a continuous rise in the prevalence of pain
associated with spinal deformities [15]. The increasing occurrence of neck pain,
forward tilt, rounded shoulders, and even lumbar vertebral damage due to overweight
backpacks [16,17]. The prolonged use of overly heavy backpacks can cause skeletal
muscle injuries, headaches, sleep disturbances, limb numbness, and various other
health complications [18]. Medical experts believe that spinal pain is closely related
to spinal posture [19].

Various biomechanical indicators are utilized to examine and appraise the well-
being of spinal posture. For the neck and shoulder regions, the cervical vertebrae angle
(CV angle) is instrumental in assessing the level of forward head posture [20,21].
Trunk and head angle measurements are utilized to evaluate biomechanical aspects of
shoulders and neck when using backpacks [20]. Research indicates that heavy
backpacks are blamed for lower back pain by more than 80% of students [22-25].
While subjective scales are common for back pain assessment, analyzing
biomechanical indicators in young people can shed light on the underlying causes and
mechanisms of back pain [26,27].

Therefore, this review explores the adverse effects of overweight backpacks
through a comprehensive analysis of various indicators, aiming to propose
improvement suggestions and enhance parents’ and healthcare professionals’
awareness of the risks associated with children and adolescents using backpacks. This
review’s novelty lies in two key areas. Firstly, many existing reviews on this subject
tend to be dispersed and lack a focused approach. This review, concentrating on the
spine’s sagittal plane, aims to offer data valuable for backpack weight and design
considerations [28]. Secondly, through the utilization of network meta-analysis, this
review employs advanced analytical methods to compare multiple treatment
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approaches simultaneously. [29,30]. This method’s strength is in quantifying and
ranking various interventions by their effectiveness, guiding the choice of the best
treatment strategy [31]. Through this advanced approach, we intend to transcend
conventional reviews and present an extensive analysis of sagittal spinal deformities,
enriching existing research in this domain.

2. Methods

2.1. Eligibility and exclusion criteria

The eligibility criteria of this review were: (1) Participants: children aged 6-18
years; only students utilizing backpacks are encompassed. Participant gender is
unspecified. (2) Intervention: studies comparing backpack with no backpack usage are
incorporated. Only conventional school backpacks are considered. (3) Outcome
measures: the principal focus of this systematic review lies in the primary outcome
measures within the sagittal plane of the spine, covering the cervical, thoracic, lumbar,
and sacral regions. (4) Design of study: only controlled designed trials. (5) Others:
Peer-reviewed and published in English, with a publication date before November
15th, 2023.

The exclusion criteria of this review were defined as (1) studies that focus on
children with documented neurological disorders, spinal pathologies, and/or an
inability to stand independently. (2) studies that investigate the effects of backpacks
on the spine but are not specifically related to school-age children (e.g., “The effect of
wearing high-heels and carrying a backpack on trunk biomechanics” [32]). (3) studies
that exclude the impact of backpacks on the sagittal plane of the spine (e.g., “The
impact of a school backpack’s weight, carried on the back of 7-year-old students of
both sexes, on the features of body posture in the frontal plane” [26]). (4) studies that
compare the effect of straps or the design of backpacks. (5) studies that lack control.

2.2. Information sources

Three relevant authoritative databases (PubMed, Scopus, and Web of Science)
were searched. References listed were scrutinized to identify grey literature that might
be potentially eligible.

2.3. Search strategy

Two independent authors (M.J. and D.X.) screened the titles of all retrieved
studies before the abstract screening. A third independent librarian (J.S.B) was invited
to review synonyms and terms to improve sensitivity and specificity.

2.4. Study selection

Screening was performed on titles, abstracts, and full texts. Studies extracted
from the databases were imported into EndNote 20 (Carlsbad, USA) for further
screening and elimination of duplicates.

Two independent authors (M.J. and D.X.) screened all titles and abstracts before
the search for inclusion and conducted further screening of the abstracts. A third
independent author reviewed (Y.G.) the full texts of the studies that were selected
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before to determine the final studies that could be included in this systematic review.

2.5. Data collection process

The third author (J.S.B) conducted the collection and verification of data needed
in the network meta-analysis independently. To ensure accuracy and thoroughness, an
external reviewer was hired to verify the accumulated data.

2.6. Data items

To compare the overall effects of different intervention measures and ensure
comprehensive and intuitive review details, the following information was collected
and included in the extraction table.

The characteristics of the population involved the age range, average age, and
gender ratio of the children included in each study. The intervention protocols and
categorization encompassed the precise details of the interventions, including their
content, as well as the timing and frequency at which they were administered. The
review included the type of studies, such as randomized controlled trials, cohort
studies, etc., as well as the duration of the study.

When conducting a network meta-analysis, data for each review was recorded on
a separate extraction sheet. It included the sample size (N), mean, and standard
deviation (SD) of each outcome at baseline and each recorded time point. These data
underwent preprocessing for subsequent analysis. Data preprocessing was
implemented to facilitate subsequent analysis.

2.7. Geometry of the network

The network geometry was made by the Aggregate Data Drug Information
System (Version 1.16.8) to display the evidence structure. A node was assigned to
each intervention, while the edges symbolized direct comparisons between
intervention pairs, and the number on each edge represented the arms of the respective
comparison.

2.8. Risk of bias within individual studies

The assessment of bias within individual studies employed the Cochrane
Collaboration Risk of Bias Assessment Tool in the Cochrane Library Review Manager
software (Version 5.3, Wiley, Chichester, United Kingdom), conducted independently
by two authors (M.J. and D.X.) [33]. In cases of disagreement, an impartial arbitrator
was engaged to resolve discrepancies, Cohen’s kappa value was utilized to quantify
the agreement between the authors.

If a study has no items with high risk or has fewer than 3 items with unclear risk,
it will be considered to have a low overall risk. If a study has no item with a high risk
but has more than three items with an unclear risk, it will be considered to have a
moderate overall risk. Similarly, if a study has one item with a high risk, it also will
be considered to have a moderate overall risk. Nevertheless, if a study has more than
one item with a high risk, it will be considered to have a high overall risk.

The assessment of reporting bias involved the application of the Cochrane
Collaboration Risk of Bias Assessment Tool. If a study has a pre-registered protocol



Molecular & Cellular Biomechanics 2024, 21, 71.

number and all the outcomes in the protocol are fully matched with those reported in
the article, it will be considered to have a low risk of selective reporting. On the other
hand, if a study has a pre-registered protocol number but the outcomes reported in the
article do not fully match those registered in the protocol, it will be considered to have
a high risk of selective reporting. Lastly, if a study does not have a pre-registered
protocol number, it will be considered to have an unclear risk of selective reporting
[33].

2.9. Summary measures

In this systematic review, the effect size was reported as standardized mean
differences (SMD) along with their standard errors (SE). The criteria provided by
Cohen were used to interpret the magnitude of the effect size. According to Cohen’s
criteria, an SMD greater than 0.8 indicates a large effect size, an SMD between 0.5
and 0.8 indicates a moderate effect size, an SMD between 0.2 and 0.5 indicates a small
effect size and an SMD less than 0.2 indicates a very small effect size [34].

The results of the analysis were presented in a rank probability plot under the
consistency model. In this plot, the sum of all rank probabilities is 1. A lower rank
number indicates a higher vertebral column bend, so interventions with lower ranks
are associated with lower vertebral column bend. And present the results in the form
of a ranking table [35]. This innovative method measures the dose-response effect of
backpacks on the degree of vertebral column bend by comparing their rank
probabilities.

2.10. Planned methods of analysis

Two independent authors (M.J. and D.X.) conducted data preprocessing and
analysis. Microsoft Office Excel (Version 16.0) was employed to convert the original
outcomes into standardized mean differences (SMDs) and their standard errors (SE).
The ADDIS software (Aggregate Data Drug Information System, Version 1.16.8) was
selected to conduct the network meta-analysis based on the Monte Carlo method.

2.11. Data pre-processing

Data pre-processing was conducted by two independent investigators using
Microsoft Office Excel (Version 16.0). The original data was processed to convert all
outcome measures into standardized mean differences for each recording time.
Moreover, effect sizes for changes in overall sagittal vertebral column bend and
alterations in individual indicators were calculated separately. The average
standardized mean difference and its standard error were calculated using the
following Equation (1) and Equation (2):

SMDave = 0.5 x (SMD1 + SMD2) 1)
SESMD = vVSMD12 + SMD22 )

2.12. Assessment of inconsistency

Ensuring the coherence of evidence becomes paramount when closed loops are
present in the intervention structure. In network meta-analysis, a technique employed
to appraise inconsistency is the node-splitting analysis [36].
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If the intervention structure does not have any closed loops or split nodes, or if
the Bayesian p-value in every node-splitting analysis is greater than 0.05, or if the
random-effects standard deviations are the same in both models, the consistency
model will be used. However, if any of these conditions are not met, the inconsistency
model will be applied [35].

2.13. Risk of bias across studies

Two independent authors (M.J. and D.X.) employed the Cochrane Collaboration
Risk of Bias Assessment Tool to assess the risk of bias across the included studies
[33].

2.14. Additional analyses

Using The Confidence in Network Meta-Analysis (CINeMA), the evaluation of
confidence and assessment of reporting bias were conducted. According to the
CINeMA tool, if the item “within-study bias” is considered a “Major concern” or if
the other items are rated as “Some concern,” the confidence level needs to be reduced
by one level. If any of the other items are considered a “Major concern,” the
confidence level should be downgraded by two levels [37].

The “Average Risk of Bias” setting in CINeMA was used for summarizing risk
of bias assessments. Studies directly comparing interventions were assigned scores of
1, 2, and 3 for low, moderate, and high risk of bias, respectively. These studies
contributed 40%, 25%, and 35% to the total risk of bias assessment, respectively. To
calculate the total risk of bias score, the percentage contributions were multiplied by
their respective scores and summed up. In this example, the calculation would be 0.40
x1+0.25 x2 + 0.35 x3 = 1.95. This value was rounded to 2, indicating “Some
concerns” in terms of risk of bias.

3. Results

3.1. Study selection

A total of 244 titles and abstracts were generated during the initial search for
screening 202 were retained for additional screening after 42 duplicate studies were
removed. While screening records, 59 questionnaire surveys and 15 studies with
incorrect participants were excluded. Consequently, 128 studies underwent full-text
screening. Among the 128 studies that underwent full-text screening, 37 were
excluded due to a lack of eligible comparisons. 62 were excluded due to ineligible
interventions and 25 were excluded for having ineligible study designs. Following the
screening process, four studies met the eligibility criteria and were consequently
incorporated into the systematic review [38—41]. The flow diagram depicting this
progression is featured in Figure 1.
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[ Identification of studies via databases and registers ]
—
Records removed before
c Records identified from: screening:
% Databases (n = 244) Duplicate records removed
PubMed: n =58 » (n=42)
E Scopus: n = 86 Records marked as ineligible
° Web of Science: n = 100 by automation tools (n = 0)
=2 Registers (n = 0) Records removed for other
reasons (n =0)
!
Records screened » Records excluded
(n = 202) (n=59)
Reports sought for retrieval | Reports not retrieved
= (n=143) " (n=15)
=
: !
(7]
Reports assessed for eligibility
(n=128) Reports excluded:
Ineligible comparison {n = 37)
Ineligible intervention {n = 62)
Ineligible design (n = 25)
¥
3 Studies included in review
S| | =4
S Reports of included studies
E| | =4

Figure 1. The PRISMA flow diagram of studies inclusion.

3.2. Study characteristics

According to the provided information, two studies included craniovertebral
angle (CV angle) as outcomes, while four studies included various outcomes. One
study covered all intervention categories, and the remaining studies encompassed two
or three intervention categories. Table 1 provided comprehensive details on all
included studies, while Figure 2 showcased the outcomes of the quality assessment
conducted for these studies.

Table 1. Information of the included studies.

Interventions

Study Population Age Sex Sex . . SAZE:S?JT:S Main Findings
Ratio(F/M) Loading Detail Category
(1)  In participants with
. neck pain CV angles
S_tandard backpack W.'th 35- decregsed when rgelative
17 !lte_r volume, no fram_lng loading was 10% body
Cheung  Students of males 0 inside, no support, with Control weight (P < 0.05)
9 5%-10% padded adjustable shoulder ~ <10% g S
2009 12to0 18 14.43 and 13 13/17 . CVangle (9 (2) In participants
[38] cars Femal 10%-20% straps on both sides, no 10%-20% without neck pain. CV
y 20%-30% compartments inside, no >20% pain,
es angles decreased about 5

traps in waist or chest, or

- degrees when relative
straps for load compression.

loading was 15% body
weight (P > 0.05)
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Table 1. (Continued).

Populatio

Interventions

QOutcome

A x  Sex Main Findin
sy, % > Ratio(F/  Loading Detail Category Measures a dings
M)
(1) Length of the
spine: a significant
difference between
the>10% body weight
loading group and
<10% body weight
Walick 109 Enlales $E|SL(EPnnr2) loading group (P =
a- children and 0 Carrying backpacks for ~ Control LS (mm) 0.026)
Cuprys allaged 7 58 58/51 6.78%-10% an average of 50 minutes <10% KKP (deg.) (2) Asignificant
2015  seven p 10%-17.47% a day. 10%-20% 9) correlation between the
emal TTI (deg.) ;
[39] years es SCR (deg)) loading of the
" backpack and the total
length of the spine,
lumbar lordosis,
lumbar lordosis angle,
and angle of sacrum
inclination.
. . (1) No significant
155 87 mgats#g;?athfelﬁatcﬂ:r;% differences in
B children males pleng Kyphosis  Kyphosis angle and
rzek 7.9 the school bag, as well as ;
2017 years 7.6+ and 68/87 0 the parameters of body Control angle (j Lordosis angle
old (early 0.6 68 24%-26% L >20% Lordosis  between early school-
[40] school femal postures at the beginning angle (9  aged children with
age) es of the school year and 10 different sexes, ages
to 11 months later. - . '
heights, or weights.
(2) CVangle
decreased significantly
when carrying a
backpack with a
relative loading at 18%
A total of CVangle bodyweight (40.62 +
160 89 9 10.16 vs. 36.16 £10.5
participan males - - CHangle in stand posture with
Zggggl tsare 4595 A0 g9 0 ﬁ?é?&??oiifﬁgﬁéevrv " conmol (9 backpack and 33.86 +
[41] school- 71 18% than 10% body weight 10%-20% Sagittal 7.96 in dynamic
going femal ) Shoulder  posture with
children es Posture backpack).
aged (SSP) CH angle and SSP

increased significantly
when carrying a
backpack with a
relative loading at 18%
body weight.
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Cheung 2009
Vaghela 2019
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Random sequence generation (selection bias)
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Blinding of participants and personnel (performance bias)
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Selective reporting (reporting bias)

Other bias

I t t t i
0% 25% 50% 75% 100%

@ | ® | ® | @ | Random sequence generation (selection bias)

~ | @ |~ | |Sselective reporting (reporting bias)

® | ®|~ |@® otherbias

@ | @ | ~ | @ |Biinding of participants and personnel (performance bias)
@ | @ | ~ | @ |Binding of outcome assessment (detection bias)
® | ®|® | ® | ncomplete outcome data (attrition bias)

@ | ®|® | @ | Avocation concealment (selection bias)

. Low risk of bias |:| Unclear risk of bias . High risk of bias

(@)
Figure 2.

(b)

The risk of bias assessment. (a) Risk of bias summary; (b) Risk of bias graph.

3.3. Results of syntheses
3.3.1. Evidence structure

In the evidence structure represented by a network geometry (Figure 3), the
following characteristics are illustrated. Each intervention is symbolized by a node,
and the color of the node indicates the risk of bias linked to that intervention: (1) Red
means a high risk of bias; (2) Yellow indicates an unclear risk of bias; (3) Green
represents a low risk of bias. The size of individual nodes corresponds to the number
of studies of each intervention in the net, in which larger nodes indicate greater sample
sizes and smaller nodes indicate smaller sample sizes. The width of the lines
connecting the interventions is the number of arms in each direct comparison. The
specific number of arms in each comparison is indicated by the displayed numbers on
the lines. The visual representations in the evidence structure contributed to providing
a comprehensive overview of the risk of bias, sample sizes, and direct comparisons
among different interventions.

>=2l‘ﬂy Weight 1 10-2‘:131 Weight

1
<10% Body Weight

Figure 3. The network geometry of the interventions.

3.3.2 Network meta-analysis

According to Table 2, the random-effects standard deviation of consistency is
determined to be 0.61 (95%CI: 0.12 to 1.90), and the random-effects standard
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deviation of the inconsistency model is 0.59 (95%Cl: 0.12 to 1.90).

Table 2. Consistency and inconsistency evaluation and node splitting analysis.

Model test Model Randome-effect standard deviation
Consistency 0.61 (0.12, 1.90)
Inconsistency 0.59 (0.12, 1.90)

Probability rankings for each intervention, with lower numbers indicating poorer
sagittal plane indicators and higher numbers indicating better sagittal plane indicators,
are provided in Figure 4 and Table 3. The findings in Table 3 indicated that when the
bag’s weight is less than 10% of body weight, it has the highest probability of causing
a minimal negative impact on the spine within these three loadings (Probabilities in
rank 1 = 0.57). When the bag’s weight is more than 20% of body weight, it has the
highest probability of making a maximum negative impact on the spine within these
three loads (Probabilities in rank1 = 0.61). Furthermore, even when the backpack load
is less than 10% of body weight, the sagittal plane biomechanical indicators do not
show significant differences from those with higher loads. It still has the possibility of
causing some degree of deformation, as the probability of less than 10% of body
weight is 0.567.

Table 3. Ranking of measures and probabilities.

Intervention Rank1l Rank2 Rank3 Rank4
Without Backpack 0.92 0.04 0.02 0.01
<10% of Body Weight 0.04 0.57 0.27 0.13
10%-20% of Body Weight 0.01 0.24 0.50 0.25
>20% of Body Weight 0.03 0.16 0.21 0.61

Rank probabilities
Rank1 is best, rank n is worst

1.0
0.8
0.6
0.4
0.2
0.0

Probabilities

Rank1 Rank2 Rank3 Rank4

Treatment

Without backpack <10% of Body Weight

10%-20% of Body Weight m >=20% of Body Weight

Figure 4. Ranking of measures and probabilities.

Table 4 is a league table of the network geometry that shows the weighted
standard mean differences. The table values indicate column values relative to the row.
For instance, 0.17 (-1.24 to 1.60) signifies the relationship between “<10% of Body
Weight” and “10%-20% of Body Weight”. Following Cohen’s criteria: (1) SMD >
0.8 = large effect size; (2) SMD = 0.5~0.8 = moderate effect size; (3) SMD = 0.2~0.5

10
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= small effect size; (4) SMD < 0.2 = very small effect size. Nevertheless, as all
confidence intervals span the zero point, no significant difference is observed in

pairwise comparisons.

Table 4. The league tables of the network geometry.

10%6-20% of Body Weight 0.17 (-1.29,1.65)

<10% of Body Weight

-0.19 (~2.05,1.85)
-0.36 (-2.22,1.62)
>20% of Body Weight 2.20 (~0.68,5.01)

2.01(-0.11,4.15)
1.83 (-0.87,4.37)

Without Backpack

Note: Mean (95% confidence intervals).

3.4. Reporting bias

Rereporting bias is depicted in Figure 2. If a study has no elements presenting a
high risk or has fewer than 3 elements with unclear risk, it will be classified as having
a low overall risk. If a study lacks items with high risk but includes more than three
items with unclear risk, it will be designated as having a moderate overall risk.
Similarly, if a study has one item with high risk;, it will be also classified as having a
moderate overall risk. Nonetheless, if a study has more than one item with high risk,
it will be classified as having a high overall risk. According to Figures 2 and 3 studies

have a high overall risk, and 1 study has a moderate overall risk.

3.5. Certainty of evidence

The results of the confidence assessment conducted by CINeMA are presented in
Table 5. In the table, “MC” indicates that the issue requires major concern, “SC”
indicates that the issue requires some concern, and “NC” indicates that the issue

I'EQUiI'ES no concern.

Table 5. Results of the confidence rating.

Comparison Num'ber of Within-' Rgporting Indirectness Imprecision Heterogeneity Incoherence Con_fidence
Studies Study bias Bias Rating
10%-20% of BW: <10% of BW 2 SC SC SC MC MC NC Very low
10%-20% of BW: >20% of BW 1 SC SC SC MC MC NC Very low
10%-20% of BW: Control 1 MC NC NC MC MC MC Very low
>20% of BW: Control 1 MC SC NC MC MC MC Very low
<10% of BW: Control 1 MC SC NC MC MC NC Very low

Note: BW: body weight; MC: major concern; SC: some concern; NC: no concern.

4. Discussion

The purpose of this systematic review was to explore the sagittal vertebral
column bend changes induced by backpacks in school-aged children and adolescents.
The key outcomes of this systematic review and network meta-analysis are that, on
one hand, a dose-response effect of backpack load is evident and analyzed using a
unique probability method. A rise in backpack load is linked to a heightened bend in
the sagittal plane of the vertebral column. Nonetheless, the degree of bending does not
significantly vary among different loads, possibly attributed to the lower quality of the
included studies. Consequently, when the backpack load is under 10% and between

11
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10% and 20% of body weight, no notable improvement in sagittal plane vertebral
column bending is observed compared to when it’s 20% of body weight. The chance
of detrimental spinal impact is not significant when backpack weight is under 10% of
body weight or larger than 20% of body weight. There’s a 0.61 probability of causing
the most significant impact on the bend of the vertebral column.

It’s indisputable that external loading would play an important role in affecting
trunk kinematics. Research confirms that this impact is real and adheres to patterns.
Both static and dynamic evaluations have shown that heightened backpack weight
notably increases sway length and area, causing associated shifts in spinal
biomechanics [42]. This paper includes longitudinal cohort studies that investigate the
effects on children under both static and dynamic conditions, thereby offering insights
into the impacts more closely aligned with real-world backpack usage. The American
Occupational Therapy Association (AOTA) recommends that students should avoid
carrying backpacks with loadings exceeding 15% of their body weight, this
recommendation is correspondent with the result of this systematic review, which is
that the threshold of loading of backpack might fall within the range from 10% to 20%
of body weight. In 2012, this guideline was revised to 10% of body weight [43].
Research backing this opinion illustrates that with an average backpack load of 15%
of body weight, there’s an increase in anterior pelvic tilt and trunk inclination, as well
as considerable vertebral column bending [44]. Even though this paper does not
encompass studies on spinal lateral curvature and other coronal plane aspects, the
weight thresholds causing significant effects remain consistent. Besides considering
15% of body weight as a crucial threshold for deformation, numerous studies indicate
that the bending degree should correlate directly with the weight increase [45].
Consequently, the conclusions drawn in this article align with the results obtained in
the study mentioned earlier. According to the rank probability-based findings, lighter
loads may lead to smaller vertebral column bends, and heavier loads are more probable
to cause larger bends. The option of not using a backpack, results in a positive
correlation trend exists between the load and the sagittal plane bend in the vertebral
column [46]. This finding is also supported by previous research. Findings suggest
that backpacks can impact the posture and walking patterns of children and
adolescents, with most changes linked to the backpack’s weight [47]. Consequently,
this article strengthens the assertion that the extent of vertebral column bending in the
sagittal plane caused by backpacks is directly correlated with their weight.

Numerous biomechanical links exist between the use of backpacks and the
biomechanics of the shoulder and neck areas. Research has indicated that a
considerable number of students encounter pain in the shoulder and neck regions [48].
Moreover, evidence indicates that musculoskeletal pain in childhood and adolescence
may pose a major risk for developing similar symptoms later in life [49]. Hence, this
problem should not be underestimated. Earlier research frequently employed the
craniovertebral (CV) angle, delineated by the intersection of a line from the seventh
cervical vertebra and another from the external auditory meatus, to assess forward
head posture and depict cervical vertebra biomechanics. Studies have demonstrated
that when carrying a backpack, the CV angle reduces in response to heavier loads.
Pronounced changes in the CV angle are seen when the backpack weight exceeds 15%
of the individual’s body weight [50]. The review mirrors this trend, though with certain
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distinctions. Backpacks undeniably cause a reduction in the CV angle, leading to
cervical deformation and enhanced shear forces, potentially resulting in abnormal
postures like forward head posture [51]. This review also encompasses indices related
to cervical spine deformity and demonstrates a similar trend. However, this paper goes
beyond merely focusing on a singular sagittal plane index from a single literature
source. Instead, it comprehensively integrates all cervical indices included in the
literature. Despite this approach, the conclusions remain consistent with those derived
from individual indices in recent research, and the significance of 15% serves as a
pivotal threshold. Furthermore, the studies referenced in this article reveal that
backpacks can influence the normal development of the thoracic spine, thoracolumbar
rotation, and the level of thoracic kyphosis. It might result in a forward shift in the
central trunk posture. Excessive curvature of the thoracic spine can cause thoracic
spine pain (TSP) and related musculoskeletal issues [52]. However, research on the
thoracic spine is still limited, and the precise physiological mechanisms remain not
fully comprehended. The problem of back pain is significant, affecting numerous
adolescents and children. The incidence of back pain stands at 12.7%, most prevalent
among children aged 7 to 10. Children with poor posture have a 2.5 times higher
likelihood of experiencing back pain [53]. Lower back pain, mainly in the lumbar
region, is likely linked to the lumbar spine [54]. According to the studies in this review,
the difference in backpack weights impacted the alteration in abnormal body postures
throughout an academic year. Notably, there was a decline in the anterior convex angle
of the lumbar spine, its length, and the overall spinal length with increasing backpack
load. Research also reveals that the cumulative microtrauma from carrying weight
considerably raises pressure on the L3-L4 intervertebral disc, potentially leading to
degeneration and lumbar spine syndrome [55]. It has also shown that in the sagittal
plane, as the load increases, there is a notable bending of the lumbar spine’s vertebral
column. Consistent with the conclusions drawn in this study, an increase in backpack
load results in a notable reduction in intervertebral disc compression at the T12-L1 to
L4-L5 levels, diminished lumbar lordosis, and an escalation in reported pain. Hence,
it is plausible that the intermediary mechanism behind the augmented lumbar
deformity induced by added weight is likely an increase in intervertebral disc
compression [56]. Several past studies have suggested that backpacks could lead to
alterations in posture, and skeletal and muscle deformities, and might even cause a
variety of health issues in children and adolescents [57-59]. This insight has
increasingly formed the groundwork and impetus for more research. Additionally,
numerous children and adolescents are already profoundly affected by back pain [60].
Investigations reveal that backpack weight affects trunk movement, spinal posture,
and the activity of trunk muscles. Furthermore, modifications in trunk muscle
activation and lumbar spine posture imply shifts in both the active and passive
responses of soft tissues in the lower back. Nevertheless, additional research is
required in future studies to explore the extent to which this significantly contributes
to back pain [6,61].

In conclusion, this article’s studies collectively summarize the bending of the
vertebral column in the sagittal plane under backpack loading conditions, covering the
cervical, thoracic, and lumbar spine. Previous research has explored the sagittal plane,
but primarily in the contexts of shoulder strap design, particular sagittal plane areas,
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or other demographic groups [47,62—65]. Studies focusing exclusively on the entire
sagittal plane concerning backpack weight are limited. Thus, this article adopts an
innovative approach by examining the entire sagittal plane’s indicators and
standardizing outcome measures to encapsulate the effect of backpack weight on
vertebral column bending, enhancing the understanding of spinal biomechanics. The
study employs a distinctive probability comparison method to shed light on the dose-
response impact of backpack weight on vertebral column bending in the sagittal plane.
Moreover, this review offers an extensive understanding of how backpacks affect the
health and posture of the sagittal plane, by encompassing the entire plane. This clarity
enhances the understanding of backpack impacts on vertebral column bending in the
sagittal plane during design, offering better scientific guidance for developing
backpacks [66]. The recognition of backpacks’ potential harm to the sagittal plane
spurs this review to advocate for the innovation and use of advanced backpack
technologies to tackle these concerns.

Despite providing valuable insights to some extent, this review has several
limitations. One major limitation is the small number of articles included, only four,
potentially not encompassing the full scope of research on vertebral column bending
in the sagittal plane. Another limitation is that all articles were rated Very low in
Confidence, suggesting limited study quality and evidence strength. Thus, the
generalizability and reliability of this systematic review would be somewhat limited.
The review did not delve into the design and positioning of backpacks concerning the
sagittal plane [67-69], nor did it consider biomechanical indicators in dynamic
conditions [42,70,71].

Furthermore, in the consistency model, statistical significance was not observed
in either direct or indirect comparisons. It suggests that, despite identifying potential
effectiveness rankings for different backpack loads, discerning the significantly
superior intervention is unachievable. This limitation might thus diminish the review’s
practical utility. Furthermore, all direct comparison studies were single-arm studies,
leading to each backpack weight being assessed in isolation, without cross-study
comparisons. These limitations may significantly reduce the significance and
reliability of the article’s findings [72]. They could result in a limited inclusion of
indicators, affecting the outcomes. Given these limitations, it is advised that future
research adopts more robust study designs, like randomized controlled trials, to
improve result reliability. Researchers are also advised to disclose all pertinent
outcomes to reduce the potential for publication bias. Therefore, for parents and future
researchers alike, while ensuring that the size and weight of the backpack are suitable
for their back and shoulder strength, attention should also be paid to the design of the
backpack to improve biomechanical indicators that are beneficial to children’s health.
Improving backpack design to reduce pressure on the neck and thoracic spine can also
enhance sleep quality and reduce the likelihood of pain. In existing fields, adjustments
such as modifying backpack width, implementing energy-saving mechanisms, and
incorporating elastic shoulder straps have shown a certain degree of improvement in
children’s back pain and other biomechanical indicators. Additionally, to thoroughly
evaluate the impacts of various interventions, including more direct comparison
studies with sufficient sample sizes is essential.

14



Molecular & Cellular Biomechanics 2024, 21, 71.

References

5. Conclusion

This systematic review conducts a network meta-analysis to assess sagittal plane
spinal vertebral column bending in children and adolescents from backpack loads. It
reveals that increased backpack weight can bend the spinal column more in the sagittal
plane. However, heavier backpacks don’t always lead to greater spinal deformities due
to the non-significant statistical nature of the findings.

This phenomenon may stem from disparities in the quality and publication
timelines of the respective papers. Additionally, it could arise from the comparatively
limited number of citations incorporated within this study, thereby resulting in an
insignificance of its bibliometric impact differentials. This phenomenon may stem
from disparities in the quality and publication timelines of the respective papers.
Additionally, it could arise from the comparatively limited number of citations
incorporated within this study, thereby resulting in an insignificance of its bibliometric
impact differentials. The conclusions, limited by design flaws and publication bias,
require cautious interpretation. Future research should include more studies, exploring
different backpack designs, and investigating backpacks’ mechanisms and effects in
dynamic conditions.

Funding: This study was sponsored by the Zhejiang Provincial Natural Science
Foundation of China for Distinguished Young Scholars (LR22A020002), Zhejiang
Provincial Key Research and Development Program of China (2023C03197),
Zhejiang Provincial Natural Science Foundation (LTGY23H040003), Ningbo key
R&D Program (20222196), Research Academy of Medicine Combining Sports,
Ningbo (N0.2023001), the Project of NINGBO Leading Medical &Health Discipline
(N0.2022-F15, No0.2022-F22), Ningbo Natural Science Foundation (2022J065,
20221JCGY010607), Public Welfare Science & Technology Project of Ningbo, China
(2021S134), and K. C. Wong Magna Fund in Ningbo University, Zhejiang
Rehabilitation Medical Association Scientific Research  Special Fund
(ZKKY2023001).

Review protocol: The protocol was registered on PROSPERO (CRD 42023487919)
on November 25, 2023 before data extraction procedures.

Conflict of interest: The authors declare no conflict of interest.

1. Calcaterra V, Marin L, Vandoni M, et al. Childhood Obesity and Incorrect Body Posture: Impact on Physical Activity and
the Therapeutic Role of Exercise. International Journal of Environmental Research and Public Health. 2022; 19(24): 16728.

doi: 10.3390/ijerph192416728

2. Glowacki M, Misterska E. Posture abnormalities affecting children—An overrated or underrated issue? Fam Med Prim Care

Rev. 2009; 11(3): 605-8,

3. ZhouJ, Wang Y, Xie J, et al. Scoliosis school screening of 139,922 multi-ethnic children in Dali, southwestern China: A
large epidemiological study. iScience. 2023; 26(12): 108305. doi: 10.1016/j.isci.2023.108305
4. Grob D, Sacher P, Scheier HJG, et al. Orthopedic problems in the upper cervical spine in children and adolescents.

Orthopade. 1991; 20(2): 133-9.

5. Ross J, Myles L. (iv) Cervical spine problems in children. Current Orthopaedics. 2006; 20(4): 274-285. doi:

10.1016/j.cuor.2006.06.009

15



Molecular & Cellular Biomechanics 2024, 21, 71.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Suri C, Shojaei I, Bazrgari B. Effects of School Backpacks on Spine Biomechanics During Daily Activities: A Narrative
Review of Literature. Human Factors: The Journal of the Human Factors and Ergonomics Society. 2019; 62(6): 909-918.
doi: 10.1177/0018720819858792

Barbosa J, Marques MC, Neiva HP, et al. Impact of Overloaded School Backpacks: An Emerging Problem. The Open Sports
Sciences Journal. 2021; 14(1): 76-81. doi: 10.2174/1875399x02114010076

Li SSW, Chow DHK. Effects of backpack load on critical changes of trunk muscle activation and lumbar spine loading
during walking. Ergonomics. 2017; 61(4): 553-565. doi: 10.1080/00140139.2017.1365950

Cardon GM, De Clercq DLR, De Bourdeaudhuij IMM. Back Education Efficacy in Elementary Schoolchildren. Spine. 2002;
27(3): 299-305. doi: 10.1097/00007632-200202010-00020

Mackenzie WG, Sampath JS, Kruse RW, et al. Backpacks in Children. Clinical Orthopaedics and Related Research. 2003;
409: 78-84. doi: 10.1097/01.bl0.0000058884.03274.d9

Ramprasad M, Alias J, Raghuveer AK. Effect of backpack weight on postural angles in preadolescent children. Indian
Pediatrics. 2010; 47(7): 575-580. doi: 10.1007/s13312-010-0130-2

Kistner F, Fiebert I, Roach K, et al. Postural Compensations and Subjective Complaints Due to Backpack Loads and Wear
Time in Schoolchildren. Pediatric Physical Therapy. 2013; 25(1): 15-24. doi: 10.1097/pep.0b013e31827ab2f7

Sankaran S, John J, Patra SS, et al. Prevalence of Musculoskeletal Pain and Its Relation With Weight of Backpacks in
School-Going Children in Eastern India. Frontiers in Pain Research. 2021; 2. doi: 10.3389/fpain.2021.684133

Warda DG, Nwakibu U, Nourbakhsh A. Neck and Upper Extremity Musculoskeletal Symptoms Secondary to Maladaptive
Postures Caused by Cell Phones and Backpacks in School-Aged Children and Adolescents. Healthcare. 2023; 11(6): 819.
doi: 10.3390/healthcare11060819

Hassan D, Kashif M, Bandpei MAM, et al. School Bag Packs and Associated Problems among School Going Children.
Physikalische Medizin, Rehabilitationsmedizin, Kurortmedizin. 2019; 30(01): 10-16. doi: 10.1055/a-1010-6505

Hakala P, Rimpel&A, Salminen JJ, et al. Back, neck, and shoulder pain in Finnish adolescents: national cross sectional
surveys. BMJ. 2002; 325(7367): 743.1. doi: 10.1136/bmj.325.7367.743

Dianat I, Sorkhi N, Pourhossein A, et al. Neck, shoulder and low back pain in secondary schoolchildren in relation to
schoolbag carriage: Should the recommended weight limits be gender-specific? Applied Ergonomics. 2014; 45(3): 437-442.
doi: 10.1016/j.apergo.2013.06.003

Grimmer KA, Williams MT, Gill TK. The Associations Between Adolescent Head-on-Neck Posture, Backpack Weight, and
Anthropometric Features. Spine. 1999; 24(21): 2262. doi: 10.1097/00007632-199911010-00015

Sim J, Jordan K, Lewis M, et al. Sensitivity to Change and Internal Consistency of the Northwick Park Neck Pain
Questionnaire and Derivation of a Minimal Clinically Important Difference. The Clinical Journal of Pain. 2006; 22(9): 820-
826. doi: 10.1097/01.ajp.0000210937.58439.39

Chansirinukor W, Wilson D, Grimmer K, Dansie B. Effects of backpacks on students: measurement of cervical and shoulder
posture. Aust J Physiother. 2001; 47(2): 110-116. doi: 10.1016/S0004-9514(14)60302-0

Ruivo RM, Pezarat-Correia P, Carita Al. Effects of a Resistance and Stretching Training Program on Forward Head and
Protracted Shoulder Posture in Adolescents. Journal of Manipulative and Physiological Therapeutics. 2017; 40(1): 1-10. doi:
10.1016/j.jmpt.2016.10.005

Erne C, Elfering A. Low back pain at school: unique risk deriving from unsatisfactory grade in maths and school-type
recommendation. European Spine Journal. 2011; 20(12): 2126-2133. doi: 10.1007/s00586-011-1803-9

Adeyemi AJ, Rohani JM, Abdul Rani M. Back pain arising from schoolbag usage among primary schoolchildren.
International Journal of Industrial Ergonomics. 2014; 44(4): 590-600. doi: 10.1016/j.ergon.2014.06.001

Sharan D, Ajeesh PS, Jose JA, et al. Back pack injuries in Indian school children: risk factors and clinical presentations.
Work. 2012; 41: 929-932. doi: 10.3233/wor-2012-0265-929

Calvo-Mufpz |, Kovacs FM, RogquéM, Seco-Calvo J. The association between the weight of schoolbags and low back pain
among schoolchildren: A systematic review, meta-analysis and individual patient data meta-analysis. Eur J Pain. 2020;
24(1): 91-109. doi: 10.1002/ejp.1471

Siambanes D, Martinez JW, Butler EW, Haider T. Influence of School Backpacks on Adolescent Back Pain. J Pediatr
Orthop. 2004; 24(2): 211-217. doi: 10.1097/01241398-200403000-00015

Santos EDS, Bernardes JM, Noll M, et al. Prevalence of Low Back Pain and Associated Risks in School-Age Children. Pain
Management Nursing. 2021; 22(4): 459-464. doi: 10.1016/j.pmn.2021.01.017

16



Molecular & Cellular Biomechanics 2024, 21, 71.

28.

29.

30.

3L

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

Qin R, Tu XK, Gan C, Li X. Design and research of a weight-reducing backpack to protect the health of adolescents’ spine. J
Gr. 2022; 43(5): 948-956.

White IR. Network Meta-analysis. The Stata Journal: Promoting communications on statistics and Stata. 2015; 15(4): 951-
985. doi: 10.1177/1536867x1501500403

Rouse B, Chaimani A, Li T. Network meta-analysis: an introduction for clinicians. Internal and Emergency Medicine. 2016;
12(1): 103-111. doi: 10.1007/s11739-016-1583-7

Mills EJ, Thorlund K, loannidis JPA. Demystifying trial networks and network meta-analysis. BMJ. 2013; 346(may14 2):
f2914-f2914. doi: 10.1136/bmj.f2914

Liau YY, Kim S, Jin S, Ryu K. The effect of wearing high-heels and carrying a backpack on trunk biomechanics.
International Journal of Industrial Ergonomics. 2021; 86.

Armijo-Olivo S, Stiles CR, Hagen NA, et al. Assessment of study quality for systematic reviews: a comparison of the
Cochrane Collaboration Risk of Bias Tool and the Effective Public Health Practice Project Quality Assessment Tool:
methodological research. J Eval Clin Pract. 2012; 18(1): 12-8.

Patel MS. An introduction to meta-analysis. Health Policy. 1989; 11(1): 79-85.

CatalaL ez F, Tob &s A, Cameron C, et al. Network meta-analysis for comparing treatment effects of multiple
interventions: an introduction. Rheumatol Int. 2014; 34(11): 1489-96.

Rouse B, Chaimani A, Li T. Network meta-analysis: an introduction for clinicians. Intern Emerg Med. 2017; 12(1): 103-11.
Nikolakopoulou A, Higgins JPT, Papakonstantinou T, et al. CINeMA.: An approach for assessing confidence in the results of
a network meta-analysis. PLoS Med. 2020; 17(4): e1003082.

Cheung CH, Shum ST, Tang SF, et al. The correlation between craniovertebral angle, backpack weights, and disability due
to neck pain in adolescents. J Back Musculoskelet Rehabil. 2010; 23(3): 129-36.

Walicka-Cuprys K, Skalska-Izdebska R, Rachwat M, Truszczynska A. Influence of the Weight of a School Backpack on
Spinal Curvature in the Sagittal Plane of Seven-Year-Old Children. Biomed Res Int. 2015; 817913.

Brzek A, Dworrak T, Strauss M, et al. The weight of pupils’ schoolbags in early school age and its influence on body
posture. BMC Musculoskelet Disord. 2017; 18(1): 117.

Vaghela NP, Parekh SK, Padsala D, Patel D. Effect of backpack loading on cervical and sagittal shoulder posture in standing
and after dynamic activity in school going children. J Family Med Prim Care. 2019; 8(3): 1076-81.

Talbott NR, Bhattacharya A, Davis K. Effects of different backpacks, weight and location on static and dynamic stability in
children. Proceedings of the Second IASTED International Conference on Biomechanics; 2004.

Journals I, Rai S. Back Problems Due To Heavy Backpacks in School Children. Back Problems Due To Heavy Backpacks in
School Children. IOSR Journal of Humanities and Social Science. 2013; 10: 22-26.

Hell AK, Braunschweig L, Grages B, et al. The influence of backpack weight in school children: gait, muscle activity,
posture and stability. Orthopade. 2021; 50(6): 446-454.

Mrozkowiak M, Stepien-Stodkowska M. The impact of a school backpack’s weight, which is carried on the back of 7-year-
old students of both sexes, on the features of body posture in the frontal plane. BMC Sports Science, Medicine and
Rehabilitation. 2022; 14(1).

Goh JH, Thambyah A, Bose K. Effects of varying backpack loads on peak forces in the lumbosacral spine during walking.
Clin Biomech (Bristol, Avon). 1998; 13(1): S26-S31. doi: 10.1016/s0268-0033(97)00071-5

Cuenca-Mart mez F, Varangot-Reille C, Calatayud J, et al. The Influence of the Weight of the Backpack on the Biomechanics
of the Child and Adolescent: A Systematic Review and Meta-analysis with a Meta-Regression. Pediatr Phys Ther. 2023;
35(2): 212-26.

Auvinen JP, Paananen MVJ, Tammelin TH, et al. Musculoskeletal Pain Combinations in Adolescents. 2009; 34(11): 1192-7.
doi: 10.1097/BRS.0b013e3181a401df

Siivola SM, Levoska S, Latvala K, et al. Predictive factors for neck and shoulder pain: a longitudinal study in young adults.
Spine (Phila Pa 1976). 2004; 29(15): 1662-1669. doi: 10.1097/01.brs.0000133644.29390.43

Ramprasad M, Alias J, Raghuveer AK. Effect of backpack weight on postural angles in preadolescent children. Indian
Pediatr. 2010; 47(7): 575-80.

Mosaad DM, Abdel-Aziem AA. The relationship between neck angles and ground reaction forces in schoolchildren during
backpack carriage. Biomed Hum Kinetics. 2020; 12(1): 1-9.

17



Molecular & Cellular Biomechanics 2024, 21, 71.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Briggs AM, Smith AJ, Straker LM, Bragge P. Thoracic spine pain in the general population: Prevalence, incidence and
associated factors in children, adolescents and adults. A systematic review. BMC Musculoskelet Disord. 2009; 10(1).
Trigueiro MJ, Massada L, Garganta R. Back pain in Portuguese schoolchildren: prevalence and risk factors. The European
Journal of Public Health. 2012; 23(3): 499-503. doi: 10.1093/eurpub/cks105

Lemos AT de, Santos FR dos, Moreira RB, et al. Occurrence of low back pain and associated factors in children and
adolescents from a private school in southern Brazil. Cadernos de Satlde Piblica (Portuguese). 2013; 29(11): 2177-2185. doi:
10.1590/0102-311x00030113

Bajin M, Koji¢ M, Romanov R, et al. Neglected problem: Influence of school bag on lumbar segment in children. Frontiers
in Pediatrics. 2022; 10. doi: 10.3389/fped.2022.1045666.

Shymon SJ, Yaszay B, Dwek JR, et al. Altered Disc Compression in Children With Idiopathic Low Back Pain. Spine. 2014;
39(3): 243-248. doi: 10.1097/brs.0000000000000114

Wettenschwiler PD, Lorenzetti S, Ferguson SJ, et al. Loading of the lumbar spine during backpack carriage. Comput
Methods Biomech Biomed Eng. 2017; 20(5): 558-65.

Hong Y, Cheung CK. Gait and posture responses to backpack load during level walking in children. Gait Posture. 2003;
17(1): 28-33.

James AA, Rohani JM, Rani MRA. Development of a holistic backpack-back pain model for school children. Available
online: https://ieeexplore.ieee.org/document/6299602 (accessed on 15 December 2023).

Negrini S, Carabalona R. Backpacks on Schoolchildren’s perceptions of load, associations with back pain and factors
determining the load. Spine. 2002; 27(2): 187-95.

Mao CP, Macias BR, Hargens AR. Shoulder skin and muscle hemodynamics during backpack carriage. Appl Ergon. 2015;
51: 80.

Kamalakannan M, Sangeetha Valli M, Nivetha S, Jenifer Augustina S. A study to compare the sagittal posture analysis for
single sided and double-sided backpack users. Biomedicine. 2019; 39(4): 628-32.

Mrozkowiak M, Stepien-Stodkowska M. The effects of the weight of school supplies carried on the right or left shoulder on
postural features in the sagittal and transverse planes in seven-year-old pupils of both genders. Acta of Bioengineering and
Biomechanics. 2021; 23(3). doi: 10.37190/abb-01814-2021-04

In T sung, Yu S man, Jang S hun. The Effects of Force That Pushes Forward Lumbar Region on Sagittal Spinal Alignment
When Wearing Backpack. International Journal of Environmental Research and Public Health. 2019; 16(19): 3643. doi:
10.3390/ijerph16193643

Genitrini M, Dotti F, Bianca E, et al. Impact of Backpacks on Ergonomics: Biomechanical and Physiological Effects: A
Narrative Review. International Journal of Environmental Research and Public Health. 2022; 19(11): 6737. doi:
10.3390/ijerph19116737

Amiri M, Dezfooli MS, Mortezaei SR. Designing an ergonomics backpack for student aged 7-9 with user centred design
approach. Work. 2012; 41: 1193-1201. doi: 10.3233/wor-2012-0303-1193

Golriz S, Hebert JJ, Bo Foreman K, et al. The effect of shoulder strap width and load placement on shoulder-backpack
interface pressure. Work. 2017; 58(4): 455-461. doi: 10.3233/wor-172651

Hadid A, Gozes G, Atoon A, et al. Effects of an improved biomechanical backpack strap design on load transfer to the
shoulder soft tissues. Journal of Biomechanics. 2018; 76: 45-52. doi: 10.1016/j.jbiomech.2018.05.016

Holewun M, Lotens Wa. The influence of backpack design on physical performance. Ergonomics. 1992; 35(2): 149-157.
doi: 10.1080/00140139208967803

Singh T, Koh M. Lower limb dynamics change for children while walking with backpack loads to modulate shock
transmission to the head. Journal of Biomechanics. 2009; 42(6): 736-742. doi: 10.1016/j.jbiomech.2009.01.035

Quesada PM, Mengelkoch LJ, Hale RC, et al. Dynamics of Marching With Varying Backpack Loading. Advances in
Bioengineering. Published online November 17, 1996. doi: 10.1115/imece1996-1325

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. Published online March 29, 2021: n71. doi: 10.1136/bmj.n71

18



