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Abstract.

BACKGROUND: There is no global agreement on a schoolbag weight limit and little assessment of its utility. The duration
of carriage is another factor yet there is no previous systematic assessment of the utility of cut-off values for it in identifying
schoolbag-related discomfort.

OBJECTIVES: The objectives were to establish if there was a threshold for musculoskeletal discomfort based on (i)
percentage bodyweight (%BW) of the schoolbag; (ii) duration of carriage; or (iii) combined %BW and duration.
METHODS: Using data from 462 primary school children, a novel experimental approach was used to explore the utility
of conventional schoolbag weight limit guidelines and duration of carriage. A receiver operating characteristic (ROC) curve
was constructed to examine the predictive performance of schoolbag weight and duration of carriage.

RESULTS: The mean schoolbag weight (4.8 £ 1.43 kg) represented a mean 12.4 +4.18%BW. Only 30.7% of the sample
carried schoolbags that were <10%BW. The majority (76%) carried schoolbags to school for <10 minutes. No %BW, duration
of carriage or mechanical burden criterion provided a threshold cut-off point for accurately predicting schoolbag-related
discomfort.

CONCLUSIONS: Guidelines for safe schoolbag carriage that are based on mechanical factors alone could not be upheld.
The association between duration of carriage and back discomfort warrants further investigation.
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1. Introduction weighs up to 10% of their own bodyweight [7-11]. In

the United States, the American Occupational Ther-

Schoolbag weight is the main factor that has been
analyzed in an effort to develop guidelines for the
safe carriage of schoolbags [1-6]. However, there is
no global agreement on the cut-off point for a school-
bag weight limit. The current guideline in Europe and
Australia is that children can carry a schoolbag that
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apy Association recommends 10% bodyweight as
the upper limit [12], the American Physical Ther-
apy Association recommends 10-15% bodyweight
[13] and the American Academy of Pediatrics rec-
ommends 10-20% bodyweight [14]. Despite these
guidelines, there is inconsistent evidence for their use
[5, 15-18] and little assessment of their utility.

The motivation for the development of school-
bag weight guidelines has been a proposed link
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between the bag weight and musculoskeletal discom-
fort. However, the relationship between schoolbag
weight and musculoskeletal discomfort is not always
clear as it has been found that the percent bodyweight
(%9BW) carried was both associated [5, 19] and not
associated [20, 21] with musculoskeletal discomfort.
Previous studies are mostly cross-sectional [10, 20,
21, 25, 29] and therefore have not been able to estab-
lish a dose—response relationship between schoolbag
carriage and musculoskeletal discomfort. Addition-
ally, they have not evaluated the discriminative ability
of the proposed schoolbag weight cut-off values for
identifying children with schoolbag-related discom-
fort. A recent study of the dose-response relationship
between schoolbag weight and schoolbag-related dis-
comfort concluded that the weight limit guidelines
should be reviewed [22]. Additionally the focus of
earlier studies has primarily been on back pain,
but evidence indicates that schoolbag-related shoul-
der pain may be a greater problem than back pain
[4, 19, 22].

The length of time that a child spends carrying
a schoolbag has had scant attention, and it is not a
specified factor in the guidance on schoolbag car-
riage. Although the duration of carriage has been
reported [1, 4, 20, 23-28], the systematic assessment
of the utility of cut-off values for duration of carriage
in identifying schoolbag-related discomfort has not
been undertaken.

Schoolbag weight and duration of carriage have
been investigated within the same studies, but inde-
pendent of each other [1, 4, 24, 26-28]. However
fundamental biomechanical principles of load and
energy consumption suggest that schoolbag weight,
and the exposure to that weight, should be inves-
tigated in combination with each other in order to
acquire a measure of the mechanical burden that
results from carrying a schoolbag. Different loads car-
ried for a fixed [29] or pre-determined [30] length of
time have been examined, and the issue has been dis-
cussed in general terms [25, 31]. However the effects
of schoolbag carriage that simultaneously take these
two variables into account, as they increase incremen-
tally, have not been investigated.

Based on a gap found within the evidence litera-
ture the aim of this study therefore was to explore
the concept of a maximum safe limit for school-
bag weight and duration of schoolbag carriage. The
objectives were to establish if there was a threshold
beyond which musculoskeletal discomfort was sig-
nificantly increased that could be based on (i) %BW
of a schoolbag; or (ii) duration of carriage; or (iii)

the combined %BW and duration i.e. the combined
mechanical burden effect of carrying a schoolbag.

2. Method
2.1. Research design

A quasi-experimental pretest-posttest design was
used to determine the prevalence of schoolbag-related
musculoskeletal discomfort. A cross-sectional study
design was used to establish the child and schoolbag
weight, and the duration of carriage. A subset of the
data collected as part of the study reported in [22]
provided a suitable dataset for assessing the appro-
priateness of the different weight limit guidelines.
The utility of current conventional discrete school-
bag weight limits, and schoolbag weight expressed
as a continuous variable, were explored. A novel
experimental approach was used to investigate the
combined concurrent effects of schoolbag weight and
duration of carriage. The dependent variable of inter-
est was the effect of sub and supra-threshold load
(10%, 15%, 20%BW) on schoolbag-related back and
shoulder discomfort. The frequently used thresholds
of duration of carriage (5, 10, 20 minutes) were also
scrutinized.

2.2. PFarticipants

A purposive sample of children in primary school
was included. Children in 4th or 5th class (9-11 year
olds) who carried only a schoolbag to school on the
day of data collection; i.e. they did not carry an addi-
tional item, were eligible for inclusion. Children who
were unable to stand or who were unable to carry a
schoolbag were excluded.

2.3. Procedure

School principals were approached by email or
telephone to seek permission for the study to be con-
ducted in their school. An information package was
sent to the approving principals for distribution to the
potential participants. Within this package, written
informed consent and assent was sought from each
parent/guardian and child respectively. The study was
approved by the Faculty of Health Sciences Ethics
Committee, Trinity College Dublin.

A brief meeting was held with the participating
children to instruct them on how to complete a Body
Discomfort Chart (BDC) and Visual Analogue Scale
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(VAS). They were asked to complete the BDC and
VAS before leaving for school the following morn-
ing, and to bring the completed forms to school, to
give to the researcher at the study venue. Upon arrival
at school, the children completed another BDC and
VAS. Subsequently their weight and that of their
schoolbag were measured. They were also asked
about the duration of carriage of their schoolbag to
school on the day of the study.

2.4. Measures

2.4.1. Body Discomfort Chart and Visual
Analogue Scale

A self-completed Body Discomfort Chart (BDC)
[32] and Visual Analogue Scale (VAS) [33] were
used to assess discomfort before and after school-
bag carriage. Body charts have been widely used by
ergonomists and clinicians as an assessment tool for
pain or discomfort in children [30, 34, 35]. For this
study, the point prevalence of discomfort before and
after schoolbag carriage was ascertained by asking
“Do you have any soreness or pain now?” If dis-
comfort was reported, the child was instructed to
‘draw the sore area on the body chart’. The children
were asked to rate their discomfort on the VAS by
marking a 10 cm line with anchors of ‘no pain’ and
‘worst pain possible’ at the point that best described
the intensity of their pain. The psychometric prop-
erties of the VAS have been investigated and the
VAS has been demonstrated to have good reliabil-
ity, validity and sensitivity for the measurement of
pain intensity in children aged 8 years and older
[36, 37].

2.4.2. Child and schoolbag weight

The children were weighed under two conditions in
a designated measuring zone using a Tanita HD-352
weighing scales; firstly without any bag, and secondly
while carrying their schoolbag. The children were
measured in stocking feet and light indoor clothing.

2.4.3. Duration of carriage

The duration of carriage was ascertained with
a researcher-assisted questionnaire. Training on the
interpretation and completion of the questionnaire
was provided for the research assistants prior to the
commencement of the study.

The children were asked to state the actual length
of time that they carried their schoolbag to school on
the day of the study (<5, 5-10, 11-20, 21-30, or >30
minutes). The questionnaire contained 27 items, that

have been reported earlier [22], but only those items
relating to demographic information (n =4), the child
and schoolbag weight (n=3), the schoolbag charac-
teristics (n = 2) and the duration of carriage (n=1) are
reported here.

2.5. Data analysis

Statistical analysis was conducted using Statistical
Package for the Social Sciences (SPSS) software ver-
sion 20.0 (SPSS Inc., Chicago, IL, USA). Descriptive
analysis using percentages and means/SD was used
for the analysis of schoolbag characteristics. From
analysis of before and after schoolbag carriage BDC
and VAS data, the onset and magnitude of discomfort
attributable to the physical act of carrying a schoolbag
could be identified. From this information, the chil-
dren were classified into groups who ‘had’ or ‘did
not have’ schoolbag-related discomfort. A Pearson’s
Chi-square test was used to determine if the propor-
tion of children with schoolbag-related discomfort
differed across groups with differing thresholds of
load (<10% vs. >10%; <15% vs. >15%; <20% vs.
>20%BW) and durations of schoolbag carriage (<5
vs. >5; <10 vs. >10; <20 vs. >20 minutes). In order
to estimate the mechanical burden effect of school-
bag carriage on the children, the product of the %BW
carried and the duration of carriage to school was cal-
culated, and the term ‘combined mechanical burden
(CMB"22)’ was used to denote it. The %BW calcu-
lations were based on the actual child and schoolbag
weight. The ‘duration of carriage’ component was
estimated as the midpoint of the time category that
the child had selected on the researcher-assisted ques-
tionnaire. For example, if a child selected the ‘5-10
minutes’ category for the duration of carriage, for
the purposes of this calculation, the result was calcu-
lated as 7.5 minutes. Risk ratios with 95% confidence
intervals (95% CI) were calculated to explore the rel-
ative risk of the onset of schoolbag-related back or
shoulder discomfort under different load (10%, 15%,
20%BW) and duration (5, 10, 20 minutes) exposure
conditions, and both sensitivity and specificity were
also calculated [38]. An independent #-test was used
to compare the mechanical burden of children with
and without schoolbag-related discomfort.

A receiver operating characteristic (ROC) curve
was constructed to examine the predictive perfor-
mance of (i) schoolbag load as % bodyweight; (ii)
duration of carriage; and (iii) the combined mechan-
ical burden (CMB"22) in identifying children with
schoolbag-related discomfort. This graphical plot
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Fig. 1. Comparison of ROC curves with different degrees of accu-
racy.

demonstrated the performance of the cut-off points in
terms of sensitivity (i.e. true positive rate) versus 1-
specificity (i.e. the false positive rate). The area under

Table 1

the curve (AUC) is a measure of the accuracy of a test
or cut-off point. An AUC equal to 1.0 demonstrates
that the test or cut-off point is 100% accurate, whereas
a test that cannot discriminate between two condi-
tions has an AUC equal to 0.5. The area under the
curve (AUC) was calculated and tested to determine
if this was significantly greater than 0.5, the AUC
which indicates that the classification system is no
better than chance [39]. In the graphical plot a curve
that follows the left hand border and the top border of
the graph is indicative of a more accurate threshold
[39] (as shown in Fig. 1). Calculations of sensitivity
and specificity were made to test the validity of using
% bodyweight, duration of schoolbag carriage and
combined mechanical burden (CMB) as a guide-
line. Statistical significance at p < 0.05 was assumed
for all tests.

3. Results

The data analysed in this paper was from a dis-
crete subgroup of the original participants in our
prior report [22]. Eligibility for inclusion here was
limited to children who carried only a schoolbag on

Frequency of back discomfort at different schoolbag weight levels and duration of carriage

Risk Ratio (95% CI) Sensitivity (95% CI) Specificity (95% CI)

n=409 Schoolbag-related
back discomfort

Yesn (%) Non (%) Chi-square
Schoolbag weight
<10%BW 17(14.0)  104(86.0)
121(29.6) 0.164, df1, p=0.685
>10%BW 45(15.6) 243(84.4)
288(70.4)
<15%BW 46(14.8)  265(85.2)
311(76.0) 0.137, df1, p=0.712
>15%BW 16(16.3)  82(83.7)
98(24.0)
<20%BW 60(15.4)  330(84.6)
390(95.3) 0.332, df1, p=0.564
>20%BW 2(10.5) 17(89.5)
19(4.7)
Duration of carriage
<5 mins 14(9.3)  136(90.7)
150(36.7) 6.251, df1,p=0.012
>5 mins 48(18.5) 211(81.5)
259(63.3)
<10 mins 46(14.9) 263(85.1)
309(75.6) 0.073, df1, p=0.787
>10 mins 16(16.0)  84(84.0)
100(24.4)
<20 mins 59(14.9)  336(85.1)
395(96.6) 0.443, df1, p=0.455*
>20 mins 3(21.4) 11(78.6)
14(3.4)

1.11 (0.664-1.863) 0.72 (0.676-0.763)  0.29 (0.246-0.334)

1.11 (0.658-1.859)  0.26 (0.217-0.302)  0.76 (0.719-0.801)

0.68 (0.181-2.591)  0.03 (0.013-0.046)  0.95 (0.928-0.971)

2.0(1.134-3.477)  0.77 (0.729-0.811)  0.39 (0.343-0.437)

1.07 (0.638-1.812)  0.25 (0.208-0.292)

0.76 (0.719-0.801)

1.43 (0.512-4.019)  0.05 (0.029-0.071)  0.96 (0.941-0.979)

*Fishers Exact Test.
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Table 2

Frequency of shoulder discomfort at different schoolbag weight levels and duration of carriage

n=407 Schoolbag-related
shoulder discomfort

Yes n (%) Non (%) Chi-square Risk Ratio (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Schoolbag weight
<10%BW 35(29.2) 85(70.8)
120(29.5) 0.000, dfl, p=0.984 1.0 (0.715-1.389)  0.70 (0.655-0.744)  0.29 (0.246-0.334)
>10%BW 84(29.3)  203(70.7)
287(70.5)
<15%BW 89(28.7)  221(71.3)
310(76.2) 0.176, df1, p=0.675 1.07 (0.763-1.522)  0.25(0.208-0.292)  0.77 (0.729-0.811)
>15%BW 30(30.9) 67(69.1)
97(23.8)
<20%BW 111(28.6) 277(71.4)
388(95.3) 1.595, df1, p=0.207 1.47 (0.849-2.552) 0.07 (0.045-0.095) 0.96 (0.941-0.979)
>20%BW 8(42.1) 11(57.9)
19(4.7)
Duration of carriage
<5 mins 44(29.3) 106(70.7)
150(36.9) 0.001, df1, p=0.974 1.0 (0.728-1.361)  0.63 (0.583-0.677) 0.37 (0.323-0.417)
>5 mins 75(29.2) 182(70.8)
257(63.1)
<10 mins 92(29.9)  216(70.1)
308(75.7) 0.244, df1, p=0.621 0.91 (0.634-1.314) 0.23 (0.189-0.271)  0.75 (0.708-0.792)
>10 mins 27(27.3) 72(72.7)
99(24.3)
<20 mins 113(28.7)  281(71.3)
394(96.8) 1.857, df1, p=0.214* 1.61 (0.876-2.954) 0.05 (0.029-0.071) 0.97 (0.953-0.986)
>20 mins 6(46.2) 7(53.8)
13(3.2)

*Fishers Exact Test.

the assessment day. The findings therefore are quite
distinct from those reported elsewhere [22].

A total of 462 children were included in the
analysis of child demographics and schoolbag char-
acteristics. The mean age of the children was 10.6
years & 6.9 months, and the sample comprised 53%
males and 47% females. The majority (94.6%) had
a backpack, 4.5% had a shoulder bag and 0.9%
had a schoolbag on wheels. The majority (85%)
carried their schoolbag over two shoulders. Not all
children completed the BDC and VAS before and
after schoolbag carriage therefore fewer children
were included in the analysis of schoolbag-related
back discomfort (n=409) and shoulder discomfort
(n=407).

3.1. Schoolbag weight

The mean schoolbag weight was 4.7 +1.43kg
and this represented a mean % bodyweight of
12.44+4.18%BW. Only 31% had schoolbags that
were <10%BW. Schoolbag-related back or shoul-
der discomfort was reported by 15.2% (n=62) and
29.2% (n=119) of children respectively. Chi-square

analysis demonstrated that there was no significant
difference in the proportions of children reporting
back or shoulder discomfort according to the rela-
tive schoolbag load (< or > 10%, 15%, 20%BW)
as shown in Tables 1 and 2. The method of car-
riage (2 shoulders/not 2 shoulders) was also not
significant for back discomfort (X2 =0.124, n=409,
df=1, p=0.724) or shoulder discomfort (X2 =0.020,
n=407, df=1, p=0.888). Risk Ratio calculations
further indicated no significant association between
load and discomfort. None of the conventional %BW
cut-off points could be used to correctly identify those
with schoolbag-related back or shoulder discomfort
as no %BW criterion provided a threshold cut-off
point with high sensitivity and specificity for predict-
ing schoolbag-related musculoskeletal discomfort
(Tables 1 and 2). From the ROC curve analysis it
was clear that the ability of %BW of the schoolbag,
expressed as a continuous variable, to discriminate
between those with and without schoolbag-related
back or shoulder discomfort was poor (AUC =0.522
and 0.520 respectively, p>0.05) as shown in Figs. 2
and 3. Likewise, in the ROC curve analysis, no
%BW criterion provided a threshold cut-off point
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Fig. 2. ROC Curve analysis of the discrimination of mechanical
burden variables for schoolbag-related back discomfort.

with both high sensitivity and specificity for predict-
ing schoolbag-related back discomfort or shoulder
discomfort.

3.2. Duration of carriage

The majority of children (76%) carried their
schoolbag for <10 minutes on the way to school.
There was no significant difference in the prevalence
of shoulder discomfort at any of the time intervals
studied (Table 2). There was a significantly higher
prevalence of schoolbag-related back discomfort in
those who carried a schoolbag for >5 minutes com-
pared to those who carried it for <5 minutes, however
there was no significant difference between those
who carried a schoolbag for <10 or <20 minutes
compared to those who carried it for >10 or >20 min-
utes (Table 1). There was also a greater risk of back
discomfort associated with carrying a schoolbag for
more than 5 minutes compared to less than 5 min-
utes (RR =2.0), however the association did not hold
for the longer durations of 10 minutes (RR =1.07)
and 20 minutes (RR =1.43) as shown in Table 1. In
addition, the validity of using duration of carriage
as an indicator of schoolbag-related musculoskele-
tal discomfort could not be upheld as calculations
of sensitivity and specificity were low (Tables 1 and
2). Furthermore, the ability of duration of carriage
to predict schoolbag-related back or shoulder dis-
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%BW of schoolbag = 0.520, 95%CI 0.457-0.583, p=0.530
Duration of carriage = 0.490, 95%CI 0.428-0.552, p=0.747

CMB"™ 0.489, 95%Cl 0.427-0.550, p=0.715

Fig. 3. ROC Curve analysis of the discrimination of mechanical
burden variables for schoolbag-related shoulder discomfort.

comfort was poor as seen in the ROC curve analysis
(AUC =0.57 and 0.49 respectively, p>0.05), and no
threshold of duration of carriage provided a cut-off
point with high specificity and sensitivity (Figs. 2
and 3).

3.3. Combined mechanical burden

The mean combined mechanical burden while
carrying a schoolbag (CMB®) was 94.54+
74.0kg.mins. The minimum was 10.3 kg.mins and
the maximum was 442.7kg.mins. The children
who had schoolbag-related back discomfort had
a higher mean CMB% (108.1 #+73.93 kg.mins)
than those who did not have discomfort (93.4 +
75.02kg.mins), but the difference was not statis-
tically significant (r=1.428, df=407, p=0.154).
There was also no significant difference in the mean
CMB"2 (:=0.001, df=405, p=0.999) between
those who had schoolbag-related shoulder discom-
fort (95.3 £75.09 kg.mins) and those who did not
have discomfort (95.3 &= 74.88 kg.mins). ROC curve
analysis showed that the AUC for the combined
mechanical burden variable was significantly differ-
ent from 0.5 with respect to schoolbag-related back
discomfort (p =0.033), but not for shoulder discom-
fort (p =0.942) as shown in Figs. 2 and 3. However,
neither of these analyses identified cut-off points for
CMB"? with high sensitivity and specificity that
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could be used as a recommended threshold to predict
schoolbag-related discomfort.

4. Discussion

The current study tested existing guidelines for
schoolbag carriage using a novel approach applied
to a subset of the dose-response schoolbag car-
riage data reported in [22]. Similar to previous
studies [10, 20, 21, 25, 29] a cross-sectional study
design was used for the weight and duration of car-
riage measurements. However in contrast to previous
cross-sectional studies, the prevalence of schoolbag-
related musculoskeletal discomfort was established
using a quasi-experimental pretest-posttest study
design. It was therefore possible in this study to
establish the dose-response relationship between
schoolbag carriage and musculoskeletal discomfort.
The utility of conventional discrete schoolbag weight
limits (10, 15, 20%BW) and the weight limit as
a continuous variable were examined from differ-
ent statistical viewpoints. Schoolbag carriage is a
global activity that is undertaken by 668 million
primary school children [40], therefore the poten-
tial impact of the findings is wide-reaching. The
findings challenge the suitability of using % body-
weight as a guideline for children’s’ schoolbags and
are in keeping with others [5, 20, 41]. Additionally,
given the increasing level of obesity in children [42]
the calculation of a guideline based on %BW may
not be an appropriate approach for individual chil-
dren because their physical capacity or ability may
not correlate with increases in their body weight.
In this study, the 10%BW threshold demonstrated
a good ability to identify true cases of schoolbag-
related back or shoulder discomfort (sensitivity of
0.7-0.72). However, it had poor specificity (0.29)
demonstrating a high false positive rate and illus-
trating its limited ability to be used as a load limit
guideline [43]. That is, when the lowest conven-
tional threshold (10%BW) was applied, over 70% of
children with schoolbag-related discomfort were cor-
rectly identified, but only 29% of those who did not
have discomfort were correctly identified. Thus the
10%BW threshold incorrectly classified 71% of those
without schoolbag-related discomfort as being in the
discomfort group. At the higher thresholds there was
poor sensitivity at 15%BW (0.25-0.26) and 20%BW
(0.03-0.07). That is, there was little or no ability to
correctly identify true cases of children who expe-
rienced schoolbag-related discomfort. Furthermore,

the probability of discomfort was similar irrespective
of the relative schoolbag weight, and there was no
evidence of a monotonic relationship between load
and risk of back discomfort as the risk ratio (RR) was
not higher at each incremental load threshold. These
findings are similar to Jones et al. [44] who reported
that schoolbag load did not contribute to the risk of
developing low back pain in secondary school chil-
dren. For shoulder discomfort there was a monotonic
relationship between load and risk, but the relation-
ship was not linear. The weakness of using %BW as a
guideline was further demonstrated in the ROC curve
analysis (Figs. 2 and 3) that showed the poor discrim-
inative ability of any load to predict discomfort. In
this study the AUC for %BW was close to 0.5 and the
curve was close to the 45-degree diagonal of the graph
which indicated that no threshold was more accurate
at predicting schoolbag-related discomfort than a ran-
dom guess. Similar analysis has not been undertaken
previously, therefore comparisons with other studies
could not be made, but these results provide substan-
tial further evidence that relative schoolbag weight
alone is not adequate as a guideline.

The duration of schoolbag carrying time was
short, and was similar to that reported in the literature
on primary school children [4, 26, 27]. Additionally,
longer carrying times have been reported in studies
that included secondary school children [23-25].
In contrast to others [4, 23-25] the current study
did not find a consistent and significant association
between duration of carriage and discomfort. It
was of interest to note a significant association
for carrying time of less than five minutes and
back discomfort; however there was no monotonic
relationship between duration of carriage and
discomfort. An explanation may be that lifting or
putting on the schoolbag caused some initial back
pain or discomfort and this was reported in the
shortest time interval. Although the shortest duration
of carriage i.e. <5 minutes, had the highest sensitivity
(0.63-0.77) of the three periods of time examined,
it had poor specificity (0.37-0.39). Therefore the
‘S minute’ threshold correctly identified 77% and
63% of children with schoolbag-related back and
shoulder discomfort respectively, but incorrectly
classified 62% of children without schoolbag-related
discomfort as being in the discomfort group. These
findings demonstrate that duration of carriage would
not be accurate as a guideline for identifying children
with schoolbag-related discomfort. Furthermore, the
time spent carrying was shown to be a poor indicator
of discomfort, as demonstrated by the Area Under
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the Curve (AUC), but it was close to significance
(»p=0.070) for back discomfort as shown in Fig. 2.
The different age of the sample population may have
contributed to the disparity between this and previous
studies of older children [23-25]. It may be the case
that duration of carriage is a predictor for schoolbag-
related musculoskeletal discomfort in adolescents
given that they carry schoolbags for a longer period
of time during the day [45]. The discrepancy between
this study and another on primary school children
[4] could be explained by the difference in type of
schoolbag used; very few children in this study used
a bag on wheels. The methodological differences
between this and previous studies are also likely to
account for some discrepancies.

Overall, the level of evidence for duration of
carriage as a risk factor for schoolbag-related mus-
culoskeletal discomfort is weak. Previous studies
assessed the duration of carriage subjectively by
questionnaire. In this study the duration of carriage
was also estimated by the children on the researcher-
assisted questionnaire. However, the researchers
attempted to improve the accuracy with a brief dis-
cussion to verify the response with each child as
they arrived to school. Furthermore, the response was
not influenced by recall bias. An objective measure
such as a stopwatch would provide more accurate
data as it has been demonstrated that adolescents
were not accurate in their estimation of schoolbag
carrying time [46]. The accuracy of primary school
children in estimating carriage time has not yet been
explored, and given the findings of this study further
investigation is warranted. If an association between
objectively-measured duration of carriage and mus-
culoskeletal discomfort was established, the guidance
on schoolbag carriage could be developed to include
this as a modifiable risk factor.

A novel approach in this study was the calculation
and analysis of the combined concurrent effects of
schoolbag weight and duration of carriage. Although
the CMBP22 had the best discriminative ability of the
three variables, there was still no identifiable thresh-
old with high sensitivity and specificity for CMB¢
that could be used as a predictor of back or shoul-
der discomfort. The calculation of the CMB®®€ was
based on the objectively collected data for %BW car-
ried by the children, but the duration of carriage was
determined subjectively. Further investigation with
objective measures of duration of carriage should be
considered in future studies.

For an appropriate schoolbag weight limit, it may
be a more reasonable alternative to determine limits

based on a risk assessment, similar to the approach
used in manual handling for adults in the workplace
[47]. For manual handling, the person is informed
about the assessment of hazards and risks for mus-
culoskeletal injury associated with manual handling
[48]. Each person can then assess the risk and alter the
modifiable hazards in order to minimise the risk and
make the task as safe as possible. A risk assessment
typically focuses on four domains: (i) the task, (ii) the
individual person who is doing the task, (iii) the load
and (iv) the environment [49]. For schoolbag carriage,
the four domains would correspond to: (i) putting
on/off and carrying the schoolbag, (ii) the child (char-
acteristics, adequate training or knowledge) (iii) the
schoolbag (characteristics, weight, frequency, dura-
tion, method of carriage and (iv) the environment
(home, travel to/from school, school). In the case
of primary school children, the parents and teach-
ers could also be informed of the risk assessment
of schoolbag carriage and could assist or advise the
children. For example, parents could be instructed to
assess for the correct fit of a schoolbag for their child,
and advised to buy a schoolbag accordingly. Addi-
tionally, they could be advised about the optimum
utilization of the schoolbag features, such as the shoul-
der strap length of a backpack. Previous studies that
aimed to improve the knowledge and skills of children
with regards to schoolbag carriage [50], posture while
carrying a schoolbag [51, 52] and lifting in general
[53] reported positive outcomes. Similarly, children
who participated in back care education programs had
significantly better knowledge [50-52] and practical
skills [51, 53] after the program than they had before.
In contrast, Feingold and Jacobs [54] reported no sig-
nificant difference in children’s posture following a
back care education session. The positive findings
of the majority of these studies on back care educa-
tion are encouraging and could have implications for
the role of risk assessment and preventative strate-
gies for schoolbag-related discomfort in children. The
growing evidence for the association of psychosocial
factors with musculoskeletal discomfort in children
[9, 22, 55] must also be acknowledged, and reflected
in future studies.

A limitation of the study was the limited age range
of the participants. Children in 4th and 5th class
in primary school (age 9-11) were included in the
study and the findings therefore may not be extrapo-
lated to all schoolchildren. A further limitation was
the subjective estimation of the duration of carriage,
although measures were used to ensure that the esti-
mation was as accurate as possible.
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The findings of this study would imply that there is
no merit in recommending guidelines for safe school-
bag carriage that are based on mechanical factors
alone. A threshold of %BW, duration of carriage or
mechanical burden that could be used as a reliable
cut-off point to detect true cases of schoolbag-related
discomfort could not be identified. However, the
association between duration of carriage and the com-
bined mechanical burden and back discomfort would
be worth further investigation.

Although this study would not support specific
weight limit guidelines, it does seem reasonable that
advice on best practice for schoolbag carriage should
be provided to children, parents and teachers. Car-
rying a well-designed and correctly-fitted backpack
over both shoulders has been accepted as the opti-
mum method of carriage in the real-world setting. It
is recommended that future research should focus on
factors other than schoolbag weight limit guidelines.
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