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Background: Young students with skeletal immaturity
report an increasing number of musculoskeletal
symptoms associated with daily use of heavy backpacks.
This cross-sectional study investigated the relationship
between heavy backpack use and reports of pain.

Methods: Data were collected from 300 students aged
11 to 18 at the University of Toronto Schools.

Results: Students, on average, carried 15.9% of their
body weight. 54% of students reported physiological
complaints, primarily back, shoulder, neck, and leg pain.
Backpack weight as a % of body weight was strongly
associated with pain complaints. Younger students and
those with longer commutes were more likely to report
heavy backpacks (50% compared to 22.6% of older
students, p< .001) and pain.

La symptomatologie musculosquelettique chez des
étudiants dont le squelette est immature, et qui portent
des sacs a dos lourds : une étude transversale
Contexte: Les jeunes étudiants souffrant d’ immaturité
squelettique signalent un nombre croissant de troubles
musculosquelettiques des symptémes associés a
lutilisation quotidienne de sacs a dos lourds. Cette
étude transversale a examiné la relation entre
lutilisation de sacs a dos lourds et les signalements de
douleurs.

Meéthodes: Les données ont été recueillies aupres de
300 étudiants dgés de 11 a 18 ans dans les écoles de
I’Université de Toronto.

Résultats: Les étudiants, en moyenne, portaient
15,9 % de leur poids corporel. 54 % des éleves ont
signalé des troubles physiologiques, principalement des
douleurs au dos, aux épaules, au cou et aux jambes. Le
poids du sac a dos exprimé en pourcentage du poids
corporel était fortement associé aux douleurs. Les
étudiants plus jeunes et ceux qui ont des trajets plus
longs étaient plus susceptibles de déclarer avoir des
sacs a dos lourds (50 % comparativement a 22,6 % des
étudiants plus agés, p< .001), ainsi que des douleurs.
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Musculoskeletal symptomatology in skeletally immature students carrying heavy backpacks: a cross-sectional study

Conclusion: Carrying heavy backpacks could result in
increased musculoskeletal complaints in young students.
Findings suggest that even the upper bound of currently
recommended guidelines (20% of body weight) may be
too high, especially for younger children.

(JCCA. 2024:68(2):131-141)

KEY WORDS: back pain, students, pain, child health,
cross-sectional studies

Conclusion: Le port de sacs a dos lourds
pourrait entrainer une augmentation des plaintes
musculosquelettiques chez les jeunes éleves. Les
résultats suggerent que méme la limite supérieure des
recommandations actuelles (20 % du poids corporel)
pourrait étre trop élevée, en particulier pour les jeunes
enfants.

(JCCA. 2024; 68(2) : 131-141)

MOTS CLES : douleur dorsale, étudiants, douleur, santé
de I’enfant, études transversales

Introduction
According to recommendations from the American Acad-
emy of Pediatrics (AAP), a child’s backpack should not
exceed 10 to 20 percent of their body weight, with a new
study stating that any backpack exceeding 15% of the
carrier’s bodyweight can result in musculoskeletal com-
plaints.'?> Consequent research has further suggested the
limit should be lowered and not exceed 5-10% of body
weight.*> There remains a lack of clarity on this topic,
as there is currently no universal guideline for backpack
weight, varying recommendations on weight, and little
evidence that it has been shared with students and par-
ents.® Despite this, research has demonstrated that a heavy
backpack is a notable contributor to lower-back pain in
children and that carrying a heavy backpack for long
periods, carrying it on one shoulder instead of two, and
climbing stairs while lugging a heavy load can exacerbate
the problem.”" This issue warrants further investigation
as the detrimental health effects can be combatted by in-
creasing awareness of ergonomic principles, including a
backpack’s content and weight.®7-!2

The effects of carrying heavy backpacks have come
under global investigation, as evidenced by research con-
ducted across Europe.*'*!"” Studies have observed an in-
crease in thoracic kyphosis as students have to adjust their
centre of gravity to bear the weight, particularly when the
weight carried surpasses 10% of body weight.” Although
neck pain and lower back pain are experienced by indi-
viduals of all ages, these problems become an increasing
concern in adolescence, with the prevalence rates ranging
from 21% to 42%.'>?' Consequently, this can warrant
increases in consultations with health professionals and
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medication prescription, which can burden the healthcare
system while simultaneously leading to reduced physical
activity in children and higher rates of pain-related school
absences.?! Thus, determining an acceptable limit for a
child’s backpack and ensuring it is shared with stakehold-
ers is essential in reducing back, neck, and shoulder injur-
ies and preventing poor posture.®?> The combined effects
of a heavy load, position on the body, size and shape, dis-
tribution, and time spent carrying the load, further influ-
enced by the physical characteristics and condition of the
individual, are considered factors that may be associated
with these problems.?

While efforts have been made to set a weight limit for
students’ backpacks, not enough is done to share and en-
force such limits.® Early adolescence (during middle and
high school years) is a critical developmental period for
spinal growth.?® During this time, the early and mid-ado-
lescent spine increases in length and volume without
substantially adding mass, thereby causing the adoles-
cent spine to be less able to withstand stresses that are
considered normal for the adult spine.?*?” Furthermore,
experiencing lower back pain as a child or adolescent is
strongly associated with chronic lower back pain in adult-
hood.?® Preventive measures and appropriate guidelines
regarding safe backpack weights for school children are
essential in the reduction of musculoskeletal complaints
among children to prevent the chronicity of such issues in
adulthood.

Accordingly, we first sought to determine if the aver-
age backpack weight that students (aged 11-18) were
carrying exceeded the recommended guidelines outlined
by the AAP. Here, we additionally wanted to determine
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if carrying overweight backpacks was associated with
musculoskeletal (pain) complaints among these skeletally
immature students. We investigated the relationship be-
tween musculoskeletal complaints and the average weight
being carried and, in turn, determined whether carry-
ing overweight backpacks was related to compromised
health. To this end, we examined the subjective percep-
tion of pain and daily backpack load to ascertain whether
an association exists. We also explored factors such as
the time spent carrying a backpack to school and other
variables that could further affect the subjective backpack
load and related musculoskeletal complaints.

Methods

Ethics approval was obtained prior to the commencement
of the study through the institutional Research Ethics
Board Review Committee. Informed student consent and
parental consent were both obtained. Students and staff
were briefed regarding the purpose of the study. The study
was designed and conducted by members of an academic
club at the University of Toronto Schools (UTS), a merit-
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based middle and high school in the Greater Toronto
Area. Two members were responsible for data collection.
Additionally, a faculty member supervised the study pro-
gression. All procedures were in accordance with Can-
ada’s Tri-Council Policy Statement: Ethical Conduct for
Research Involving Humans.

Participants

Participants were recruited at the UTS Institute in the
city of Toronto, Ontario, over a period of six months.
An email detailing the study was sent to all students, al-
lowing them to opt in or out of the study, with no incen-
tive offered to participants. Of 612 eligible participants,
11 students opted out of participation. Of the remaining
601 interested students, stratified random sampling was
used to recruit equal numbers of males and females for
a total of 50 students from each grade (grades 7 through
12). Younger students were categorized as Grades 7 — 9
(ages 11 — 14) and older students as Grades 10 — 12 (ages
15 — 18). Figure 1 illustrates the participant eligibility
and selection process.

Total student body | Eligible participants

Reasoning if provided:

population (N=612) Did not have time, did
l not want to be weighed
Email sent to Opted out of
student body participating
outlining study (N=11)

Participants who
continued with study

Parent consent and child
assent obtained

Stratified random sampling (N=601)
N= 50= 25F + 25M
Participants Participants Participants Participants Participants Participants
in grade 7 in grade 8 in grade 9 in grade 10 in grade 11 in grade 12
(N=50) (N=50) (N=50) (N=50) (N=50) (N=50)
Final sample
(N=300)

Figure 1. Flowchart of Participant Eligibility and Selection
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Sample size justification
The sample was determined based on consideration of
research objectives and representation of the target popu-
lation. This investigation explored musculoskeletal con-
cerns associated with carrying overweight backpacks
among grades 7-12 students. For a comprehensive and
unbiased sample, stratified random sampling was used.

A power analysis determined that the minimum re-
quired sample size for this study was 210 participants (ef-
fect size of 0.25, a. = 0.05, power [1-}] = 0.95). Previous
research in this field have highlighted the absence of a
standard reference effect size. This has made determining
the appropriate sample size challenging due to a lack of
literature. For example, one study recruited 123 students
based on an estimation that pain prevalence was 30% with
a confidence level of 95%.'°

The student body comprised of 612 students, with 102
in each grade level. For equitable representation, 50 stu-
dents (25 female and 25 male) were randomly selected
from each grade, yielding a total sample size of 300 stu-
dents, equally distributed across genders. Thus, data were
collected from 50% of the student body, ensuring inclu-
sivity of diverse student backgrounds and facilitating gen-
eralizability to the broader school context. This was done
to mitigate potential bias from over or under-representa-
tion of grades or genders. The chosen sample size ensured
the statistical power for detecting anticipated effects and
enhanced the validity of the findings by adhering to ethic-
al principles for addressing the research objectives.

Data collection

Data collection was conducted consecutively, beginning
with the recruitment of students in Grade 7 and ending
with students in Grade 12. Data collection took place on
random days such that students would not be influenced by
the study and alter their backpack’s weight in anticipation
of the data collection. All data were collected in the mor-
ning following each student’s arrival, at lunch, and before
departure from school. First, a consent form and a ques-
tionnaire to gather primary data were administered. The
questionnaire included details about age, gender, grade,
body weight, height, area of residence, commute type,
duration of commute, backpack weight, subjective per-
ception of backpack weight, items in the backpack, how
it is carried, physical complaints, frequency of physical
complaints, medical intervention, any medical diagnosis,
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and any use of medications. The study ensured that all
students used a dual-strap backpack, with all participants
reporting they carried the load on both shoulders. Regard-
ing physical complaints, students were asked if they ex-
perienced any musculoskeletal complaints, such as pain
in the neck, shoulder, lower back, or leg(s). Second, the
weight of the backpacks was obtained using a Klau Hang-
ing Scale with the capacity to measure between 0.2 kg
and 500 kg with high precision. The validity of this instru-
ment was tested using functional cuff weights of 0.45 kg,
1.36 kg, and 2.27 kg, revealing accurate measurements
over repeated trials. Third, the weight of participants was
collected using a Seca 803 digital floor scale, calibrated at
the start of each day of data collection. Finally, the height
of participants was measured using a Health O Meter pro-
fessional wall-mounted height rod.

Analyses

The Statistical Package for the Social Sciences (SPSS,
Version 28.0) was used for all data analysis.”” Back-
pack weight as a % of bodyweight was measured on a
continuous ratio scale. Chi-square tests were conducted
to assess objective backpack weight (as a percentage of
body weight) and commute time on the pain response
in students. Independent samples t-tests and analyses of
variance (ANOVA) were conducted to assess differences
in outcomes across groups of categorical variables (re-
ported pain complaints, subjectively perceived heaviness
of bags). All assumptions were assessed and met for each
analysis.

Results

Sample characteristics and outcomes are summarized in
Table 1. The present study found that 75% of students
carried a backpack that was more than 10% of their body
weight, and 17% of students carried a backpack more
than 20% of their body weight. On average, students
carried 15.9% of their body weight, and approximately
54% reported physiological impacts with primarily back,
shoulder, neck, and leg pain complaints. On average,
younger students (Grades 7 —9; ages 11 — 14) were carry-
ing heavier backpacks in proportion to their body weight
compared to older students (Grades 10 — 12; ages 15
— 18) (Table 1). The average backpack weight to body-
weight ratio for younger students was 17.7%, compared
to 13.6% for older students. In addition, younger students
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were more likely to be carrying backpacks that were more
than 10% (98%, 92%, and 94% of students in grades 7,
8, and 9, respectively), or 20% (44%, 36%, and 20% of
students in grades 7, 8, and 9, respectively) of their body
weight. There was no great difference in the average
backpack weight alone, with younger students carrying
backpacks weighing 8.3 kg and older students carrying
backpacks weighing 7.9 kg. However, the average body
weight of younger students was 47.24 kg while, in com-
parison, the average body weight of older students was
58.35 kg. Here, the younger group’s lower body weight
had a significant impact on the backpack-to-bodyweight
ratio.

Students in younger grades 7 — 9 were more likely to
report their backpacks as being heavy compared to older
students in grades 10 — 12 [S0% compared to 22.6%, > (5,
n = 300) = 75.54, p < .001]. In addition, a higher propor-
tion of students in grades 7 — 10 reported musculoskeletal
pain complaints (66%, 56%, 62%, and 72%, respectively)
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compared to students in grades 11 and 12 (34% and 32%,
respectively), a statistically significant difference in pro-
portions, x> (5, n = 300) = 28.54, p < .001. Figure 2 and
Figure 3 further illustrate these differences.

The relationship between objective backpack weight,
subjective perception of backpack weight, and pain
An independent samples t-test revealed a significant dif-
ference in the relative backpack weight as a % of body
weight between students who reported pain complaints
(M =17.2,SD =4.2), and students who reported no pain
M=14.3,SD =3.8),t(298) =-6.1,p < .001).
To assess the relevance of AAP guidelines with regard to
reports of pain, a chi-square test found that 21.1% of stu-
dents were carrying less than 10% of their body weight
reported physical pain complaints, compared to 50.6% of
students carrying between 10-20% of their body weight
and 80% of students carrying more than 20% of their
body weight, a statistically significant difference in pro-
portions, %2 (2, n = 300) =22.92, p <.001 (Figure 4).
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Figure 2.

Reports of subjective perceptions of backpack weight by grade (Note. A greater percentage of younger students (Grades
7-10) reported heavy backpacks compared to older students (Grades 11-12). Similarly, a greater percentage of older
students reported light backpacks compared to younger students). (—A—) reports of light backpacks; (— ® —); reports
of moderately heavy backpacks; (+- B ) reports of heavy backpacks.
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Figure 3.
Reports of pain by grade (Note. A greater percentage of younger students (Grades 7-10) reported musculoskeletal pain
compared to older students (Grades 11-12)). (—A—) reports of pain; (— ® —), reports of no pain.

To determine whether students’ subjective reports of
their backpack weight were related to the objective weight
of their backpacks, a one-way ANOVA revealed significant
differences in the backpack weight as a % of body weight
between students who reported their bags as very heavy
(M = 18.34, SD = 3.86), moderately heavy (M = 15.01,
SD =3.63) and light M = 11.08, SD =2.81), F(2,297) =
52.67,p < .001,1m2 = .26, indicating a large effect size (Co-
hen, 1988). Further, a chi square test revealed significant
differences in the proportion of students who reported pain
complaints between those who reported their backpacks as
very heavy (76.1%), moderately heavy (43.3%), and light
(259%),%*(2,n=300) =37.61, p <.001.

The relationship between commute time, subjective
perception of backpack weight, and pain

A chi-square test found that 83% of students with a com-
mute time of greater than two hours reported physical
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pain, compared to 51% of students with a commute time
of between one and two hours, 57% of students with a
commute time of between 30 minutes and one hour, and
only 39% of students with a commute time of fewer than
30 minutes, a statistically significant difference in propor-
tions, %2 (3, n = 300) = 11.44, p =01 (Figure 5). Spe-
cifically, a commute time of over two hours resulted in
significantly more reports of physical pain than shorter
commute times (i.e., less than 30 minutes).

Further, students were more likely to report their bags
as being very or moderately heavy (as opposed to being
light) if they had a longer commute. Here, 100% of stu-
dents with a commute time of greater than two hours re-
ported heavy backpacks, compared to 96.4% of students
with a commute time of between one and two hours,
88.2% of students with a commute time of between 30
minutes and one hour, and 62.5% of students with a com-
mute time of fewer than 30 minutes, a statistically signifi-
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Figure 4.
The relationship between backpack weight and pain complaints (Note. On average, students carrying a heavier
percentage of their body weight reported significantly more pain complaints. (/2), pain; (M), no pain).
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Figure 5.
The relationship between duration of commute and pain complaints (Note. Duration of commute was related to pain
complaints; there were significantly more reports of pain among students with commute times of over two hours
compared to those with shorter commute times). (¥9), pain, (M), no pain.
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cant difference in proportions, 2 (3, n = 300) = 42.70, p
<.001. No significant differences were observed for vari-
ables such as commute type and area of residence.

The role of additional demographic variables in
assessing perceptions of bag weight and pain
Further group-level analyses were conducted to assess
the role of demographic characteristics in perceptions of
backpack weight and reports of pain. A point biserial cor-
relation revealed a small but significant association be-
tween height and pain complaints, where pain was more
frequently reported among shorter students than taller stu-
dents (rpb (298) = - .150[-.259, -.037], p = .009). There
was no observed effect of sex; reports of pain did not sig-
nificantly differ between male and female students (50%
compared to 57.3%, ¥* (1,n=300) = 1.62, p = .203).

Discussion

The AAP recommends that a child’s backpack be no more
than 10-20% of their body weight.! The present study
found 75% of all students carrying a backpack more than
10% of their body weight, and 17% of students carried
a backpack more than 20% of their body weight. In this
sample, 33.3% of younger students ages 11-14 carried
backpacks at or over the maximal 20% limit recom-
mended by the AAP. In comparison, 1.3% of older stu-
dents ages 15-18 surpassed this limit. This appears to be
related to the finding that backpack weight remained rela-
tively stable across age groups even though there is a high
degree of variance in body weight and height across chil-
dren aged 11-18. Typically, while backpack weight across
ages and grades tended to remain stagnant, lower body
weights of younger students appeared to lead to more pain
complaints, likely due to the ratio of backpack weight to
body weight, which has previously been identified as a
predictor of back pain.’

Backpack weight as a percentage of the child’s body
weight was significantly related to the presence of in-
creased pain complaints for all students, as was their sub-
jective perception of this weight. Further, this study and
other research found that younger students were much
more likely to report musculoskeletal pain as compared
to older students.*®> While only 17% of students carried
a backpack more than 20% of their bodyweight, the pro-
portion of students with musculoskeletal complaints was
much higher, with approximately 54% of students report-
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ing pain primarily in the back, shoulder, neck, and legs.
Accordingly, even the upper bound of presently recom-
mended guidelines (20% of body weight) may be too
high, especially for younger children.

Prior evidence has suggested that the time spent carry-
ing the backpack, in addition to its weight, is a factor in
instances of back pain.’!'*? The present study found that
commute duration to school was significantly related to
students’ perceived backpack weight and their reports of
musculoskeletal pain, especially when commute times
were longer than one hour. Research has also indicated
the impact on musculoskeletal health associated with the
distance and time spent carrying the backpack might ex-
ceed that of weight alone, thus being a crucial contribut-
ing factor considered in this study.*> With 64% of students
reporting a commute greater than or equal to one hour,
this poses a significant concern and warrants further con-
sideration.

While previous research on this subject has found a
correlation between back pain and the factors identified
in this study, they have been unable to identify specific
risk factors as a result of inconsistent methods of report-
ing, as most studies on this topic do not consider the type
of back pain, spinal posture and illness factors.***° These
reviews call upon future studies to be more rigorous in
considering the factors that lead to back pain, which this
study addressed by inquiring about the regions of the back
affected by back pain and regarding spinal posture and ill-
ness factors by inquiring whether participants have been
previously diagnosed by medical professionals for any
musculoskeletal issues.

The effects of carrying excess weight in school back-
packs have been a long-discussed subject in paediatric
research, yet students are required to carry loads that ex-
acerbate this problem and cause physical pain.*® Exces-
sive backpack weight, especially that exceeding 20% of
the individual’s body weight, has recently gained atten-
tion from multiple studies as a major contributor to pain in
the early stages of development.****> Consequently, back
pain in children has become a prominent public health
concern.*

The backpack was designed to be the appropriate
method to load the spine closely and symmetrically while
maintaining stability.8 However, risk evaluation when
carrying over the recommended maximum weight in a
backpack is essential. Exceeding recommended guide-
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lines of backpack weight can cause an individual’s center
of gravity to be displaced which can create excess tension
in one’s muscles in the back and neck. Such excessive ten-
sion is further associated with spinal column dysfunction
and a decrease in lung volume.!° Previous work has also
demonstrated an association between backpack weight
and musculoskeletal complaints.** There is an increased
risk to younger children and adolescents considering that
their musculoskeletal system is undergoing a period of
growth and maturation and considering the frequency of
backpack use in this group.?

Musculoskeletal problems associated with backpack
use are becoming an escalating concern for skeletally
immature students.® Studies have found that back pain in
adolescents is a strong predictor of developing chronic
back pain in adulthood.’”*' Unaddressed back pain can
get exacerbated, resulting in long-lasting complications.
Prior research has also found that carrying heavy back-
packs may lead to detrimental changes in trunk posture
and muscle activity.*

Limitations

This study has some limitations which must be con-
sidered. First, while the sample is representative of the
school’s population, these results may not be generaliz-
able on a city-wide or regional scale. Further research is
required to produce comprehensive data on the perva-
siveness of the adverse effects of overweight backpacks
among skeletally immature students. Secondly, this study
was reliant on self-reported musculoskeletal complaints.
As such, data on pain are vulnerable to participant sub-
jectivity and reliability. Finally, the impact of a cross-sec-
tional dataset introduces certain limitations, as the nature
of the design restricts the establishment of causal relation-
ships, with data being collected at only one time point.
As such, there are limitations in capturing longitudinal
changes, potentially overlooking trends and fluctuations
in the investigated variables. While this study provides
valuable insight into the relationship between backpack
weight and musculoskeletal pain, there are limitations in
generalizing the findings. Expanded cohort studies with
diverse student populations are required to further explore
these findings.

Conclusion
In conclusion, the findings of this study demonstrated
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that the current backpack weight for many (particularly
younger) students is higher than recommended guidelines
and likely related to a high number of pain complaints.
Most students carrying between 10-20% of their body
weight reported mild to moderate pain, which is often
overlooked in practical settings as it falls below the up-
per bound of AAP recommended guidelines (i.e., 20% of
body weight). Heavy backpacks are an influential factor
in the cause of early-age back pain, and previous research
has suggested that reducing the load to 10% of body
weight can help maintain normal posture.*** The present
study’s findings could inform further research that aims
to address the issue of heavy backpack use. Additional-
ly, considering commute time was significantly related
to pain complaints, reductions in the time spent carrying
backpacks should be considered. Current recommenda-
tions include carrying adequately adjusted backpacks to
better fit the child’s back, backpacks with padded dual
straps, carrying only necessary items, placing the heaviest
items closest to the back, the provision of lockers to store
heavier items (e.g., textbooks), and division of textbooks
into smaller modules.** These recommendations were
provided to UTS to facilitate changes that decrease back-
pack load for students. Considering that previous research
has consistently demonstrated that back pain in adoles-
cence contributes to chronic back pain in adulthood, early
intervention in this population is imperative. Ultimately,
further research is needed to elucidate the relationship be-
tween backpack weight and musculoskeletal pain in early
educational settings to create a healthier learning environ-
ment for students.
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Table 1.
Sample characteristics and outcomes

Grade Total 7 8 9 10 11 12
Age range 11-17 11-12 13-14 14-15 15-16 16-17 17

M SD M SD M SD M SD M SD M SD M SD
Height (cm) 1629 10.1 1543 89 1550 74 1577 5.7 1659 93 1665 6.7 173.1 6.1
BW (kg) 52.6 84 437 6.5 479 6.8 50.1 5.8 55.1 6.7 58.0 43 60.7 58
Backpack weight (kg) 8.1 1.5 8.0 1.7 83 1.6 8.8 13 89 0.7 7.7 1.0 6.8 1.0

n % n % n % n % n % n % n %
Backpack as a % of BW 154 18.3 17.3 17.6 16.2 13.3 11.2
Students carrying > 10% BW 225 75 49 98 46 92 47 94 44 88 28 56 11 22
Students carrying > 20% BW 52 17.3 22 44 18 36 10 20 2 4 0 0 0 0
Students reporting heavy backpacks 109 36.3 20 40 28 56 27 54 27 54 12 1 2
Students reporting pain 161 53.67 33 66 28 56 31 62 36 72 17 34 16 32

Note. BW = body weight
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