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a b s t r a c t

The study analysed backpack-related back pain in school children by investigating the possibility of
multiple interactions among causative factors, which may be responsible for the non-conclusive findings
on the issue. Using data from 444 prepubescent schoolchildren, a mixed method design combining
survey, observation and direct measurement strategies was implemented. Using a multivariate structural
equation modelling approach, the study investigated interactions among anthropometry, posture,
backpack volume, rating and back pain constructs, with each construct made of 2e4 indicators. Addi-
tionally, regression analysis was used to determine the feasibility of considering the two additional
factors of age and body mass index along with the globally accepted recommendation of a load of 10
e15% of body weight. Our model demonstrated an acceptable model fit and revealed direct and indirect
effects of the factors. Obese children were recommended to carry a one-third lighter load than other
children. The application of systematic/multiple strategies provided an explanation for some of the issues
associated with school children's backpack-related back pain.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Studies have identified the prevalence of back pain among
backpack users in schools (Adeyemi et al., 2014a; Calvo-Mu~noz
et al., 2013; Trevelyan and Legg, 2011). Various efforts, including a
safe weight recommendation of a load of 10e15% of body weight
(Hong et al., 2008; Mackie and Legg, 2008; Moore et al., 2007;
Motmans et al., 2006), the development of new backpack safety
features (Hong et al., 2011; Mackie et al., 2003; Ramadan and Al-
Shayea, 2013), awareness of the health effects of carrying heavy
backpacks and government intervention, have been recommended
to help resolve the backpack-related back pain problem (Jayaratne,
2012). However, these efforts have yielded limited results, and the
problem persists at an unacceptable level. A major recommenda-
tion that has beenwidely investigated is the safe schoolbag weight,
whichwas limited to 10% of schoolchildren's bodyweight in Europe
and Australia, and up to 20% in United States of America (Dockrell
et al., 2013; Mackie and Legg, 2008). Studies showed that this
recommended safe weight limit has not been effective in curbing
nt of Mechanical Engineering,
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the problem among many schoolchildren (Al-Hazzaa, 2006; Amiri
et al., 2012; Dianat et al., 2013). A major factor responsible for the
ineffectiveness might be the children's poor compliance with the
specified schoolbag weight limits, as recent studies showed that
schoolchildren still carry load that exceeded the limits (Adeyemi
et al., 2014a; Dockrell et al., 2015). The failure of this recommen-
dation has led to inconsistency, and the development of multiple
guidelines has not yielded the desired solution (Dockrell et al.,
2013). This inconsistency has also been highlighted in a recent
study by Dockrell et al. (2015).

Moreover, the complexity and multifactorial nature of back pain
might be a major obstacle in resolving the backpack-related back
pain problem (Korovessis et al., 2010; Trigueiro et al., 2013;
Kristjansdottir and Rhee, 2002; Poussa et al., 2005; Gilkey et al.,
2010; Barr and Barbe, 2004; Dockrell et al., 2013; Grimes and
Legg, 2004; Smith and Leggat, 2007; Negrini et al., 2004). Most
studies have studied the problem by focusing on the unilateral
direct effect, without sufficient consideration of the interaction and
mediating effects among various contributing factors. This serves as
justification for applying a systematic approach to investigate and
arrive at a widely applicable solution (James et al., 2012; Marras,
2008; Negrini et al., 2004; Smith and Leggat, 2007). Studies have
established that the load carrying capacity of the spine can be
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influenced by biomechanical, physiological, psychosocial and in-
dividual factors (Cardon and Balagu�e, 2004; Davis and Marras,
2003; Ferguson et al., 2012; Lanfranchi and Duveau, 2008; Li and
Buckle, 1999; Marras, 2008). Interestingly, these factors are not
completely independent, and there are close interactions among
these major risk factors, such as the biomechanical-physiological
factors and the psychosocial-individual factors (James et al., 2012).

Apart from highlighting the complexity and multifactorial na-
ture of the problem, the literature has provided little evidence of
studies attempting to solve the problem using multifactorial
approach in primary school children. Therefore, this paper
attempted to explore the interactions among themultiple causative
factors using structural equation modelling (SEM). Though the
literature has identified numerous factors (Smith and Leggat, 2007;
Trevelyan and Legg, 2006), our study was limited to investigating
the interaction among five main factors: anthropometry, posture,
backpack volume, rating ability and back pain factors. Thereafter,
from the multifactorial backpack-back pain model, we identified
additional variables that can be used to formulate a safe weight
recommendation with greater success.
2. Theoretical justification for backpack-related back pain
conceptual constructs

The conceptual backpack-related back pain model in this study
consists of five constructs, which are anthropometry, posture,
backpack volume, rating ability and back pain as shown in Fig. 1.
Although these constructs have not been specifically classified in
previous studies, research findings and reports fromvarious studies
were used to justify these manifest variables. Three of the con-
structs, i.e. back pain, rating ability and backpack volume, were
identified from the exploratory factor analysis of a previous study
(Adeyemi et al., 2014a), whereas the anthropometric and posture
constructs have strong theoretical justification, as presented below.
2.1. Anthropometry and pain

The anthropometry construct wasmeasured using fourmanifest
variables: stature height (Hgt), backpack vertical height from the
Figure 1. Conceptual model of the backpack-related back pain constructs.
floor (Bvh), centre of mass position (COM) of the children and body
weight (Bwt). Body anthropometry serves as a predictor of back
pain (Grimes and Legg, 2004), and the literature abounds with
studies that have reported the association between anthropometry
and spinal symptoms (Milanese and Grimmer, 2004; Rose et al.,
2013; Steele et al., 2001). Nissinen et al. (1994) found trunk
asymmetry and sitting height to be modest predictors of low back
pain among 11- to 13-year-old girls, whereas stature and sitting
height were predictors in boys. Steele et al. (2001) also found that
adolescents at different age groups had different anthropometric
predictors of low back pain. A study by Poussa et al. (2005) that
covered a wider age range also observed that the body height
significantly predicted back pain among 11- to 14-year-olds but not
15- to 22-year-olds. This might be due to the growth spurt associ-
ated with early adolescence. Furthermore, the role of anthropom-
etry in back pain is not limited to children, and back pain is more
frequently reported among taller adults than among shorter ones
(Marras, 2008; Poussa et al., 2005). However, the findings regarding
the effect of body weight and body mass index on back pain among
backpack users have been inconsistent. Body mass index is being
used to classify both adults and children into normal, overweight
and obese categories. Obese children are reported to be less stable
when carrying a backpack (Pau et al., 2012); as a result, they often
adopt postural control strategies when carrying backpacks.
2.2. Posture constructs and back pain

The posture construct consists of back inclination (bak2), neck
inclination (nek2) and bag weight (Bgw) as manifest variables.
Postural alteration, particularly of the back and neck, has been a
major physical indicator of biomechanical-physiological changes
resulting from schoolchildren's backpack weight. The school-
children's postures are modified to minimise energy expenditure,
which is an indication of trunk imbalance and excessive strain on
the trunk (Kim et al., 2008). Backpack is believed to alter postural
control in children because an increase in weight of backpack re-
duces postural stability (Chow et al., 2010; Pau et al., 2012). Chil-
dren compensate for instability arising from the excessiveweight of
the backpack bywalkingwith their head or neck postures altered to
move the centre of mass position forward, in alignment with their
feet (Brackley et al., 2009; Motmans et al., 2006). The leaning for-
ward of the trunk to compensate for the excess posterior load leads
to changes in shear forces because of the changes in the muscle
tension and surface alignment (Kistner et al., 2013).
2.3. Backpack volume and pain

The backpack volume (BPV) construct was measured using the
quantity of books (Qty) and backpack content (Ctn) as manifest
variables. While quantity of books refers to the number of text-
books and stationeries, backpack content identifies other materials
such as food, water and toys brought to school by the children.
Children's bags often contained unnecessary academic and non-
academic materials (Adeyemi et al., 2014a; Kistner, 2011; Negrini
et al., 2004). However, the children often do not have control
over the content of the bag, as Kistner (2011) observed that the
weight of government recommended textbooks alone exceeded
15% of the children's body weight. Additionally, children may carry
meals and drinks to school, together with personal games and
electronics (Adeyemi et al., 2014a). Identifying the effect of the
schoolbag content could assist in designing an effective schoolbag
load intervention programme.
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2.4. Psychosocial rating ability and pain

Rating ability (rating) construct was measured from three
manifest variables: the visual analogue scale of back pain (BP), the
distance of home to school rating (DfhR), and time taken by the
children to get to school from home (Dfh). Although researchers
have yet to agree on the relationship between backpack-related
back pain and children's psychosocial rating of discomfort, there
is no longer doubt about the association between their ratings of
perceived discomfort and muscular fatigue (Adeyemi et al., 2015;
Negrini et al., 2004). Visual analogue scale has been recognised as
a reliable and valid tool for the rating of back pain intensity among
children (Adeyemi et al., 2014a; Dockrell et al., 2015; Lynch et al.,
2007). Our previous study also revealed a significant correlation
between the rating of the children's distance to school and the time
taken to get to school (Adeyemi et al., 2014a). Since high correlation
is an important requirement for a good fit in a reflective structural
equation model (Hair et al., 2010), the combination of the three
variables in the same construct served as a reliable measure to
capture the psychosocial rating ability of the children. The inclusion
of this psychosocial construct in the model will relates the sub-
jective perceptual abilities to the objective component of the sys-
tem (Carayon and Lim, 2006).

2.5. Pain measurement

The back pain (pain) construct was measured from three man-
ifest variables: degree of feeling back pain (fel), period of experi-
encing pain (pop) and when pain started (wps).

Although pain is subjective and cannot be directly measured
(Boyd et al., 2011; McCaffery, 1968), it is an indication of a perceived
experience of damage to the body tissue (Boyd et al., 2011). The
expression of pain is subject to individual feelings or interpretation,
as the reported pain intensity is affected by time, age, genetics,
personality and lifestyle habits (Marras, 2008). Previous experience
with pain also affects how the body physiologically triggers events
leading to pain (Marras, 2008). Some of this expression may be
protective to prevent tissue damage. However, assessing the level
of pain based on the children's perception alone is an insufficient
measure because it relies solely on the children's ability to suc-
cessfully recall the prevalence and the degree of pain (Dockrell
et al., 2013). Hence, our study aims to identify the relationship
between the pain construct and other physical and objective con-
structs to improve the reliability of back pain measures in children.

3. Methods

3.1. Participants and instruments

A total of 444 schoolchildren, aged 7e12 years, from three pri-
mary schools in the Skudai area of Johor, Malaysia, were recruited
for this research. The children comprised of 39.4% boys and 60.6%
girls. Table 1 shows other basic demographics of the participants.
The variables weremeasured systematically using threemajor tools
of survey, expert observation and direct measurement. The survey
and observation tools have been described in detail previously
(Adeyemi et al., 2014a). Student age was found not to affect the
reliability of their response to survey questions; thus, the same
questionnaire was used for all children (Adeyemi et al., 2014a). Only
questions with good reliability and sufficient factor loading
(construct validity) in the previous study (Adeyemi et al., 2014a)
were employed in this study. Variables for the back pain (Pain),
rating construct (Rating) and backpack volume (BKV) constructs
weremeasured with the questionnaire. For the back pain construct,
the children were expected to express their feeling of the back pain
(fel) by ticking one option of the 5 non-ordered categorical scale of
‘great, nothing, tired, back pains, tired and back pains’ when
answering the question: ‘while carrying my backpack, I normally
feel …’. Children were also expected to report any recent period
when they experienced pain (pop) by selecting from ‘never, this
week, last week, last month and every month’. The third manifest
variable measured when they started experiencing the back pain
(wps), and the answer options were ‘never, this term, last term, last
year and long term’. The rating construct consisted of 3 questions.
The first question was on the duration of walking from home to
school (Dfh), and the answer options were, ‘less than 5 min,
5e10 min, 10e20 min, 20e30 min and more than 30 min’. Children
were also expected to describe their perception of the distance
(DfhR) by answering the question, ‘Canyou rate how far your school
is from your house?’ with the three ordinal options of ‘not far, far
and very far’. The third manifest variable for rating was the use of a
100 mm visual analogue scale (VAS) to rate the degree of back pain
(BP) from no pain to serious pain. VAS has previously been vali-
dated for children as young as 5 years old (Lynch et al., 2007). The
backpack volume construct was measured with two variables that
required the children to select items that they regularly take to
school (Ctn) from ‘textbooks, stationeries, food/water and toys’. The
second BKV manifest was about the number of books (Qty) that
they carried to school, and the options were ‘none, 1e5, 6e10,
11e15 and greater than 15’.

To avoid assessing back pain entirely based on children's
perception, the range of spinal movement of the children was
measured based on expert assessment of the neck (nek2) and back
(bak2) inclinations. The neck inclination is the degree of neck
flexion/extension from the neutral upright position, and the back
inclination is the alteration of the back or trunk from the neutral
spinal position (Kurtz and Edidin, 2006). The neck inclination was
categorised into three: flexion between 0 and 10�, flexion between
10 and 20� and flexion greater than 20� (McAtamney and Nigel
Corlett, 1993). A similar configuration was also adapted for the
back inclination measurement: flexion of 0�, flexion between 0 and
20� and flexion greater than 20� (McAtamney and Nigel Corlett,
1993). The procedure used by Adeyemi et al. (2014a), where three
ergonomists observed children to obtain a majority decision, was
also adopted for this study. The postural analysis recorded a good
inter-rater reliability for both the neck (ICC¼ 0.670, 0.602e0.726 at
95% confidence interval) and back (ICC¼ 0.664, 0.595e0.721 at 95%
confidence interval) inclinations based on the interpretation by
Cicchetti and Sparrow (1981). The weight of the bag (Bgw) was
measured using a digital hanging scale (accuracy of 0.01 Kg). The
relationship between the children's anthropometry and the back
pain indicators was also investigated using direct measuring in-
struments. A SECA Stadiometer (accuracy of 0.01 cm) was used to
measure their stature height (Hgt), and a Beurer bio impedance
scale BF20 (accuracy of 0.1 Kg) was used to measure the body
weight (Bwt) of the children. A flexible meter rule (accuracy of
0.01 cm) was used tomeasure the distance from the base of the bag
to the floor (Bvh), and the centre of mass position (COM) was
estimated using the reaction board method (Kroemer et al., 1997).

3.2. Measurement procedure

Approval for the study was obtained from the University ethics
committee. After obtaining permission from the Federal and State
education departments, approvals were obtained from the three
school authorities within the required time frame. The study was
conducted within the first and second period, or after the first
break. This was aimed at minimising the effect of prolonged sitting,
another major cause of back pain among children. The purpose of
the research was explained to the children, who assented orally to
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Table 1
Descriptive summary of the backpack-related back pain variables for 444 schoolchildren.

Variables Categories Frequency % Variables Categories Frequency %

Age 7 71 15.99 Bag content Stationeries or text alone 6 1.4
8 75 16.89 Stationeries and texts 80 18
9 76 17.12 Stationeries, texts and food 100 22.5
10 73 16.44 Stationeries, texts, food, toys 258 58.1
11 74 16.67 Number of books 1e5 22 5
12 75 16.89 6e10 84 18.9

Gender Male 175 39.4 11e15 121 27.3
Female 269 60.6 >15 217 48.8

Duration from home (minutes) <5 66 14.9 Degree of feeling pain Great 42 9.5
5e10 187 42.1 Nothing 45 10.1
10e20 111 25 Tired 115 25.9
20e30 46 10.4 Back pain 95 21.4
>40 34 7.7 Tired &back pain 147 33.1

Rating of distance from home Not far 249 56.1 Period of experiencing pain Never 50 11.3
Far 183 41.2 This week 55 12.4
Very far 12 2.7 Last week 47 10.6

Ratings of back pains 0 (no pain) 35 7.9 Last month 60 13.5
1e2 86 19.4 Every month 232 52.3
3e4 117 26.4 When pain started Never 42 9.5
5e6 117 26.4 This term 103 23.2
7e8 60 13.5 Last term 52 11.7
9e10 (serious) 29 6.5 Last year 83 18.7

Long term 164 36.9
Neck Inclination 0 to 10� 175 39.4 Back Inclination 0� 198 44.6

10 to 20� 215 48.4 0 to 20� 170 38.3
Greater than 20� 54 12.2 Greater than 20� 76 17.1

Variable Mean Standard deviation Percentiles

25th 50th/median 75th 95th

Stature Height (cm) 139.09 10.33 131.45 138.95 146 156.58
Centre of Mass position (cm) 77.45 6.8 73.64 77.69 81.76 87.74
Body weight (Kg) 35.09 11.48 26.83 32.7 40.9 57.03
Bag vertical Height (cm) 64.72 9.62 58 65 71 80
Bag weight (Kg) 5.82 1.67 4.71 5.86 6.73 8.57
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be part of the study. Thereafter, they were independently allowed
to respond to the survey questions. Class teachers read the ques-
tions to the younger children (7- and 8-year-olds) to ensure that
they understood each question. After completing the questionnaire,
the stature height, body weight and backpack weight of the chil-
dren were measured. The children were later instructed to carry
their backpacks, strapped posteriorly on both shoulders, and walk a
measured distance that is equivalent to that from their classroom to
the school gate. This took them 3e4 min. The distance was chosen
to normalise the distance covered daily by the children, since most
of them come to school by bus or car and only carry the bag from
the gate to their classroom. Their neck and back inclinations were
recorded upon their return to the classroom. While standing, the
vertical distance from the base of the schoolbag to the floor was
measured.

3.3. Statistical tools and analysis

The data were coded into Statistical Package for the Social Sci-
ence (SPSS) version 18 for descriptive and preliminary analysis.
Analysis of variance (ANOVA) was used to identify which variable
exhibited sufficient variation among most items in the model.
Structural equation modelling (SEM) using analysis of moment
structure (AMOS) version 18 was used for the development and
investigation of the fit of the final model to explain the complex and
multifactorial relationship associated with the backpack-related
back pain problem.

Similar to SEM, which has the ability to investigate multiple
associations and interactions, multiple indices were needed to
determine the suitability of any particular model. Various
goodness-of-fit indices were developed to ensure that the products
of the analysis were acceptable. CMIN, which is the ratio of chi-
square to the degree of freedom, was used to assess the predic-
tive accuracy of the model. The ratio is a better index than the chi-
square value because it complements the sensitivity of the chi
square to the sample size, which still serves as the only statistical
test tomeasure the difference between the covariancematrix of the
observed and estimated samples (Hair et al., 2010). The absolute fit
was measured using the Goodnesseof-fit index (GFI) and the Root
Mean Square Error Approximation (RMSEA). The comparative fit
index (CFI) and the non-normed fit index (NNFI) were used as in-
cremental fit indices, and Adjusted Goodness-of-fit index (AGFI)
served as the parsimony fit index.

Multiple and binary regression analysis were used to determine
the success rate of the new recommendation. All statistical analysis
was carried out at 0.05 significant levels.
4. Results

4.1. Descriptive summary of the backpack-related back pain
variables

Table 1 provides the descriptive statistics of all of the variables
considered in this study. It shows the frequency distribution of the
schoolchildren's survey responses and the postural inclination after
carrying the backpack for the required period. The measure of
central tendency and variance indicators are presented for the
directly measured variables associated with the anthropometric
variables and the backpack weights.
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4.2. Model formulation using structural equation modelling

The acceptable criteria for the various fit indices, as used in a
previous study (Adeyemi et al., 2014b), were as follows: a CMIN less
than 3 (Hair et al., 2010), GFI greater than 0.8 (Hair et al., 2010) or
0.9 (Chau and Hu, 2001), AGFI greater than 0.8 (Chau and Hu, 2001),
NNFI greater than 0.9 (Bentler and Bonett, 1980), CFI greater than
0.9 (Bagozzi and Yi, 1988) or 0.8 (Chou and Yang, 2013) and RMSEA
less than 0.08 (Browne and Cudeck, 1993) or 0.1 (Hair et al., 2010).

Fig. 2 shows that the measurement model, which was a test of
the significant multiple interactions (covariance/correlation)
among all of the constructs, demonstrated an adequate fit, with a
GFI of 0.933, AGFI of 0.904, NNFI of 0.925, CFI of 0.943, RMSEA of
0.062 and CMIN of 2.687.
Figure 2. Measurement model to examine relationshi
4.2.1. Structural model
Fig. 3 shows the proposed structural model showing the total

effect of the backpack volume on both posture and pain as well as
the interaction of children's rating ability and anthropometry. The
model also highlighted the significant covariant role of age in the
backpack-related back pain model. Age alone, without gender, was
tested in the model because the analysis of variance in Table 2
showed that age exhibited a significant variation in most of the
variables in the backpack-related back pain model. Gender did not
demonstrate a significant difference among most of the variables.
The model in Fig. 3 demonstrated an excellent fit, with GFI (0.941),
AGFI (0.912), CFI (0.951), RMSEA (0.058), CMIN (2.477) and NNFI
(0.936), all exceeding the minimum expected requirement. Apart
from the fit indices, the models were assessed for normality by
inspecting the variables for skewness and kurtosis. Skewness below
ps among the backpack-related back pain factors.



Figure 3. A generalised structural model showing the interactions and effects among the backpack-related back pain factors.
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3 and kurtosis below 20 are acceptable, and any values larger than
these are extreme (Chou and Yang, 2013; Chou and Bentler, 1995).
All of the variables were within the acceptable range, thus justi-
fying the suitability of maximum likelihood as an estimation
method for SEM analysis.
Table 2
Level of association of age and gender with the manifest variables of the backpack-
related back pain constructs.

Variable Age Gender

F Significant F Significant

Backpack content 5.535 0.0001 3.333 0.069
Quantity of books 6.736 0.0001 0.624 0.430
Period of experiencing pain 5.057 0.001 6.678 0.010
Degree of pain 4.948 0.001 8.457 0.004
When pain started 1.769 0.134 3.751 0.053
Duration from home 1.099 0.356 0.025 0.874
Rating of distance from home 1.411 0.229 3.386 0.066
Back pain rating 4.53 0.001 2.898 0.089
Back inclination 18.571 0.0001 0.075 0.784
Neck inclination 10.469 0.0001 1.850 0.174
Backpack weight 8.334 0.0001 0.850 0.357
Stature height 139.876 0.0001 0.004 0.952
Body weight 34.998 0.0001 2.554 0.111
Backpack vertical height 48.077 0.0001 0.045 0.832
Centre of mass position 74.626 0.0001 13.631 0.0001
The models were also inspected for multicollinearity, which is
an indication of high correlation between two or more variables.
Multicollinearity is absent if the bivariate correlation coefficient is
less than 0.85 (Weston and Gore, 2006) or 0.9 (Schreiber, 2008).
There was no evidence of multicollinearity because all of the
manifest variables in the models had a sample correlation coeffi-
cient within the acceptable limits. The highest bivariate correlation
of 0.8 occurred for the stature height and centre of mass position.
Correlation is a prerequisite for good model fit in a reflective model
because it indicates the ability of each manifest variable to repre-
sent its construct.
4.3. Development of multivariable solution to the backpack-related
back pain problem

Fig. 3 was inspected for surrogate variables to improve the
existing recommended safe weight, which is based only on the
percentage body weight (PBW), a ratio of the weight of the bag to
the body weight. Percentage body weight (Bgw/Bwt) has been the
most widely acceptable recommendation for back weight in the
literature. Agewas included in the new recommendation because it
was observed to play a significant covariance role in the developed
model. Body mass index (Bwt/(Hgt)2) was also included because it
has served as an important global health index and has been re-
ported to exhibit sufficient variation, making it suitable for



Table 3
Regression equation of the three variables predicting the weight of the backpack.

Model Unstandardized
coefficients

Standardized coefficients T Sig. Collinearity statistics VIF

B Std. Error Beta Tolerance

(Constant) �7.024 0.307 �22.908 0.0001
Percentage body weight 0.243 0.006 1.062 43.818 0.0001 0.636 1.572
Body Mass Index 0.264 0.010 0.639 26.692 0.0001 0.653 1.532
Age 0.362 0.020 0.383 18.557 0.0001 0.877 1.140

a. Dependent Variable: Bag weight.
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classifying back pain among prepubertal schoolchildren. These
variables have direct and indirect effects on all of the factors
included in the model. For an age range from 7 to 12 years, body
mass index (BMI) was categorised into normal weight, over weight
and obese schoolchildren based on the international age-based
classification (Cole et al., 2000). PBW was also categorised as less
than 10%, 10e15% and greater than 15% of the children's body
weight based on the literature classification. Multiple regression
analysis was used to investigate the predictive accuracy of the three
variables for predicting backpack weight. All of the variables
significantly contributed to the developed model without any evi-
dence of multicollinearity, as demonstrated by the tolerances,
which were all greater than 0.10, and the variance inflation factor
(VIF) values, which were less than 10, as shown in Table 3. The
multivariable model shown in Table 3 had a better predictive
ability, with an R value of 0.878 and an R2 value of 0.772 compared
with a model with PBW alone, which had an R2 value of 0.566 and
an R2 value of 0.321.
4.4. Recommended weight

Adopting the 0.639 standardized beta coefficient for BMI in
Table 3 as the differential effect of BMI in the recommended
backpack weight, this translates to obese/overweight children
carrying loads that are approximately one-third less than what
normal weight schoolchildren should carry. To determine the
suitability of the proposed weight in the recommendation and
estimate the lower limit of BMI as two-third of the upper limit,
binary logistic regression was performed to test the predictive ac-
curacy of six proposals:

A Setting the maximum safe load at 10%PBW across the board for
all schoolchildren

B Setting the maximum safe load at 15% PBW across the board for
all schoolchildren

C Setting the maximum safe load at 6.7%PBW for obese and 10%
PBW for other schoolchildren

D Setting the maximum safe load at 10%PBW for obese and 15%
PBW for other schoolchildren
Table 4
Binary logistic prediction models for six PBW and BMI proposals.

Proposal Criteria Hosmer

A 10%PBW for all children 0.795
B 15%PBW for all children 0.253
C 6.7%PBW for obese and 10%PBW for other children 0.912
D 10%PBW for obese and 15%PBW for other children 0.443
E 6.7%PBW for obese/overweight and 10%PBW for other children 0.572
F 10%PBW for obese/overweight and 15%PBW for other children 0.333

PBW: Percentage body weight.
BMI: Body mass index.
E Setting the maximum safe load at 6.7%PBW for overweight and
obese and 10% PBW for normal weight schoolchildren

F Setting the maximum safe load at 10%PBW for overweight and
obese and 15% PBW for normal weight schoolchildren

Table 4 shows the predictive abilities of the six models for
predicting back pain measuring variables used in this research. The
binary codes for acceptable and unacceptable backpack weight
were used as the criteria or dependent variables for the back pain
predictors. All of the 10% PBW models had the highest success rate
because they were able to predict those schoolchildren who had
unacceptable backpack weights (sensitivity), but they were unable
to predict any of the acceptable weights (specificity). Conversely,
the 15% PBW were able to predict both the acceptable (specificity)
and unacceptable (sensitivity) weights successfully, although with
a lower success rate. The age effect is shown in Table 5, which
shows that the model is most suitable for the dual classification of
7- to 9-year-olds and 10- to 12-year-olds, with the model better
suited for the older children (83% as against 69% in younger
children).
5. Discussion

Determination of the causality of pain is complex because of the
multiple interactions among the risk factors, which has made it
difficult to apply traditional scientific methodologies (Marras,
2008). These multiple interactions result in multiple causal paths
for low back pain in adults. Because children are anatomically
different from adults (Rodriguez and Poussaint, 2010), it might be
inappropriate to assume that the same causal paths exist for both
groups. This becomes obvious when we consider physiological,
anatomical and individual variations with respect to time. The
development of the backpack-related back pain model provides a
lead in this direction: it investigated multiple interactions among
factors to determine a causal or effectual path leading to back pain
among backpack users in primary schools.

The developed model inferred that the backpack load contrib-
utes to the problem of back pain among backpack users. The model
showed that the backpack volume has a direct and indirect (posture
& Lemeshow test Model summary Prediction in %

Pseudo R2 �2 log Specificity Sensitivity Success rate

0.212 337.81 0 100 89
0.202 627.11 39.1 88.3 73.1
0.271 277.82 0 100 90.9
0.498 445.46 56.4 91.1 81.2
0.248 239.92 0 100 92.8
0.236 528.69 20.1 95.7 78.3
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Table 5
Comparison of success rate for the classification of 7- to 9-year-olds and 10- to 12-year-olds schoolchildren.

Observed Predicted

10e12 years old 7e9 years old

Safe load at 15%PBW with
obese at 10%

Percentage correct Safe load at 15%PBW with
obese at 10%

Percentage correct

Acceptable Unacceptable Acceptable Unacceptable

Safe load at 15%PBW with obese at 10% Acceptable 100 25 80.0 13 23 36.1
Unacceptable 26 155 85.6 50 151 75.1

Overall Percentage 83.3 69.2
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acting as a moderator) effect on the occurrence of back pain among
children. Posture plays a partial mediating role between backpack
volume and pain, though it is a full mediator in the effect of
anthropometry on pain. The degree of postural alteration, i.e. neck
or back alteration depends on the volume of the backpack, which is
the quantity of books and the other contents in the bag. Therefore,
regulating the backpack content can reduce both the backpack
weight and the tendency of the spine to be misaligned. Posture
alteration can, however, increase the intensity of pain felt by the
schoolchildren. A biomechanical analysis has reported that back
pain was found to be associated with postural alterations greater
than 20� from the neutral position of the spine in adults (Marras,
2008). This study also revealed that the same position can be
observed among backpack users in primary schools, and the
occurrence of back pain was predominantly identified among
schoolchildrenwho carried loads exceeding 15% PBW. About 65% of
the children carried backpack load exceeding 15% PBW and they
constituted approximately 90% of those who had postural alter-
ations exceeding 20�.

The model also posited that anthropometry has an indirect ef-
fect on back pain among backpack users in primary schools.
Anthropometry, which is associated with posture adaptation, has
been reported to be a predictor of back pain (Grimes and Legg,
2004).

However, studies involving children have not always reported
definite findings on the association between back pain and
anthropometric variables such as height and weight (Masiero et al.,
2008). While some studies did not find height or weight to be
significantly associated with back pain (Masiero et al., 2008; Steele
et al., 2001; Turk et al., 2011), others have reported some degree of
association between these variables and back pain in children
(Poussa et al., 2005; Trevelyan and Legg, 2010). This contradiction
might be associated with the age variation of the children involved
in the studies. Height and weight exhibit significant variations
during the prepubertal and pubertal phases (Kellis and
Emmanouilidou, 2010), as shown in the study by Poussa et al.
(2005) where height was significantly associated with back pain
among 11- to 14-year olds and not in other age groups. Steele et al.
(2001) also associated this relationship with the unequal devel-
opment of the bone and muscles during skeletal developments,
resulting in less muscular support around spinal joints. Though
anthropometry may not be directly linked to pain, posture alter-
ations cause misalignments of body parts, which can result in pain.
There already exists the suggestion that the relationship between
anthropometry and back pain should be age-based to accommo-
date the variability in adolescent skeletal development (Steele
et al., 2001). This suggestion was accommodated in our model
because it highlights the strong association of age with anthro-
pometry and with backpack volume. A major strength of our model
lies in its ability to eliminate the possibility of misspecification
because all of the constructs had a direct or indirect effect on one
another. This will serve as an explanation for some of the
conflicting findings about the factors on the backpack-related back
pain issue in the literature.

5.1. Multivariate recommendation

The need to reduce the load carried by obese children is
essential, particularly with the recent global increase in obesity
(Prentice-Dunn and Prentice-Dunn, 2012). The current general
recommendation is based solely on the body weight and interprets
the additional weight of the obese and overweight schoolchildren
as the ability to carry an additional load without considering the
physiological and biomechanical effects of such an action. Rather
than being an advantage, obesity actually requires additional
muscle strength to support load (Cavuoto and Nussbaum, 2013).
The inclusion of BMI and age in the safe weight recommendation
takes care of this limitation. This study is proposing that obese
children should carry lighter loads, and the best option lies in
limiting the maximumweight for obese children to be at 10% PBW,
whereas overweight and normal-weight children should not carry
more than 15% PBW, because this option has the best specificity
(56%) and an excellent sensitivity (91%). The next acceptable option
in the study requires both obese and overweight children to carry
10% PBW, whereas the normal weight children would cope with
15% PBW. This recommendation is consistent with that of our
earlier study (Adeyemi et al., 2015), where we observed lesser
muscular activities, an indication of increase in fatigue, among
obese and overweight children carrying backpack load of 15% PBW.
Pau et al. (2015) also recommended backpack load less than 15%
PBW for obese and overweight children because they observed
higher plantar pressure distribution and dynamic arch index in
overweight/obese children when compared to their normal weight
counterpart. Reducing the percentage of load carried by overweight
and obese children may not only reduce back pain, but also reduce
other MSDs such as foot pain commonly experienced by over-
weight/obese children (Pau et al., 2015).

The significant role of age in the model further highlights the
possibility of different safe loads for different age groups. The lower
success rate for the 7- to 9-year-olds is an indication that they need
to carry lighter loads. The suitability is understandable because the
10- to 12-year-olds are within the age group that was investigated
before arriving at the existing recommendation (Smith and Leggat,
2007). More objective studies must therefore be conducted among
the 7- to 9-year-olds, who havemore tender spines (Carreiro, 2009;
Rodriguez and Poussaint, 2010). Additionally, the bone mass den-
sity of the lumbar vertebrae, which is primarily responsible for
supporting the spinal load, increases with age, and the increment is
higher during puberty (Boot et al., 1997; Van Coeverden et al.,
2002). Although both the 7- to 9-year-olds and the 10- to 12-
year-olds are still within the spinal development stage that con-
tinues until 18 years before the final maturity at 24 years (Carreiro,
2009; Grimmer and Williams, 2000), the older children are ex-
pected to be more mature in handling their backpack to reduce the
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effect of pain. The non-significant effect of gender, which justifies
its exclusion from the final model, seems to be synonymous with
studies involving prepubescent children in primary school
(Adeyemi et al., 2014a; Erne and Elfering, 2011; Trigueiro et al.,
2013). This observation is contrary to what has been observed
among teenagers, who demonstrated significant physiological
variations between boys and girls, thereby leading to call for the
inclusion of gender in back pain recommendations. This observa-
tion opens the door for more studies to verify the need for different
backpack weight recommendations for younger prepubertal chil-
dren and teenagers, who are already experiencing puberty.

6. Conclusion

A complex problem, such as the occurrence of back pain among
schoolchildren, requires a multifactorial approach in proffering
solution (Dockrell et al., 2015). Hence, this study demonstrated that
the problem of back pain arising from heavy backpack can be
minimised if the role of each associated factor is properly identified.
Using independent or univariate analytical approaches, different
studies have highlighted the significant or non-significant role of
some of the variables considered in this study. The use of structural
equation modelling, a multivariate analytical tool, revealed the
interacting and mediating role played by some factors in the
occurrence of back pain. The use of this approach for such a multi-
disciplinary problem such as back pain can offer better explana-
tions that will lead to a more comprehensive and generally
acceptable solution. This study has identified the interactions
among anthropometry, rating, backpack volume and posture
alteration of primary school children with back pain. Similar to
many other human factor problems, there is a need to systemati-
cally apply such multiple methodological strategies to further
investigate other factors that have been reported to be associated
with this problem.
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