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Purpose: This study aimed to investigate the effects of trunk asymmetry on the health-
related quality of life of early adolescents and to identify daily activities that were associated
with trunk asymmetry in this cohort.

Methods: This study included 200 early adolescents (52 male and 148 female) aged 10 to
14 years in Hong Kong. Among them, 100 adolescents were considered to have trunk
asymmetry with angle of trunk rotation >5° and one or more physical signs on visual
inspection. The 36-Item Short Form Health Survey was used to measure the eight scales
under the physical and mental domains of the health-related quality of life. The adolescents
reported their average daily durations spent (1) using a computer; (2) using a smartphone; (3)
watching television, videos or DVDs; (4) doing homework; and (5) doing physical exercise.
Independent samples t-tests, chi-square (y?) tests or Mann—Whitney U-tests were performed
to compare the health-related quality of life and the average daily duration of daily activities
between early adolescents with and without trunk asymmetry. Logistic regression was
performed to investigate the odds ratios of daily activities for trunk asymmetry.

Results: Compared with early adolescents without trunk asymmetry, those with trunk
asymmetry had a lower health-related quality of life in some of the physical domains,
namely, bodily pain and general health, and all mental domains, namely, vitality (energy/
fatigue), social functioning, role limitation due to emotional problems and mental health (p <
0.05). Use of computer was found to be significantly associated with trunk asymmetry in
early adolescents (OR = 1.63, 95% CI [1.23, 2.14]).

Conclusion: Our results indicate that increased computer use is associated with trunk
asymmetry, which negatively impacts the health-related quality of life in early adolescents.
Keywords: trunk asymmetry, computer, smartphone, health-related quality of life, early
adolescents

Introduction

Posture is defined as the position of the body at a given point of time." A correct
posture is defined by a straight spine without forward, backward, left, or right body
inclination.” Having a correct posture is important as it allows an individual to
maintain the musculoskeletal balance of their anatomical structure with maximum
stability, minimal stress and minimal energy consumption.** However, early ado-
lescents who are undergoing a period of dynamic development and pubertal growth
spurts are highly prone to incorrect or poor posture,” which means that the body is
not in an upright position such that musculoskeletal balance and normal
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morphological functions cannot be maintained.®® In fact,
previous studies have shown that incorrect or poor posture
is more common among early adolescents than among
children, and this trend has been growing over the past
decades. For instance, in 2003 in Czech Republic, the
prevalence of poor posture was significantly higher, at
40.6%, in 1190 early adolescents aged 11 years, compared
with 33% in 1097 children aged 7 years.” In 2015 in
Poland, more than 50% of 236 early adolescents aged 12
to 13 years had incorrect posture.'” A recent population-
based study in China reported an even higher prevalence
of incorrect posture at 64.8% in 518,890 early Chinese
adolescents aged 10 to 15 years;® again, this was signifi-
cantly higher than the prevalence of 41.3% in children
aged less than 10 years in that study.

Postural abnormalities, including an incorrect or poor
posture, are associated with many musculoskeletal symp-
toms, such as soreness and pain in body regions such as
the neck, shoulder, back and thoracic spine, which are
commonly reported among children and adolescents.'" '
Therefore, many studies have investigated possible risk
factors for postural abnormalities in children and adoles-
cents to reduce or even prevent its occurrence at an early
age. Demographic characteristics such as increasing age,
weight, body mass index (BMI), and amount of physical
activity, including reduced levels of physical activity and
extended periods of time in a seated position, have com-
monly been reported as risk factors for postural abnorm-
alities in children and adolescents.®'>"'" For example,
being obese or underweight has been found to likely con-
tribute to incorrect'® or poor posture.” Children and ado-
lescents who do not play sports or who spend their leisure
time in passive activities are more likely to have poor
posture compared with those who play sports regularly
or spend their leisure time actively.*’ Specifically,
Kraténova et al’ reported that children and adolescents
who spent time in front of a television or computer for 2
hours or more daily were 1.24-times more likely to have
poor posture than have good posture, but these findings
could not be replicated in other studies.®'” In a recent
study, adolescents aged 10 to 18 years who engaged in
sustained smartphone use for 20 minutes exhibited evident
postural deviations that caused progressive muscle over-
load in the posterior neck.?’ Given that individuals’ pos-
tures tend to vary according to their habits® and early
adolescents often spend extended periods of time in their
daily life in a seated position for computer and smartphone
use, as well as for other daily activities, the negative

influence of such habit on postural abnormalities has
recently received increasing research attention and should
not be overlooked.

Although access to a computer has increased among
adolescents aged 13 to 17 years by only 1% from 87% in
20142015 to 88% in 2018, there has been a substantial
increase of 22% in the ownership of or access to
a smartphone in this cohort, from 73% in 2014-2015" to
95% in 2018.** Computers and smartphones have thus
become the most frequently used technological devices
among adolescents. In view of the rising popularity of com-
puters and smartphones in this population, it is worthwhile to
explore whether prolonged use of computers and smart-
phones contributes to the increasing prevalence of posture
abnormalities among early adolescents. Indeed, postural pro-
blem is a potential risk factor for developing musculoskeletal

7,23,24 and

disorders, such as scoliosis, during adolescence,
adolescents with scoliosis, compared to those without it,
tend to experience more physical health problems, higher
levels of pain, poorer psychosocial functioning, lower self-
image and poorer quality of life.”> >’ Therefore, given these
significant effects of postural abnormalities on various
health-related aspects, we aimed to explore the influence of
postural abnormalities on the health-related quality of life in
early adolescents.

Specifically, as a correct posture involves a straight
spine,” trunk asymmetry—that is, asymmetry in height
between the right and left sides of the upper body—is
a very common postural abnormality in early
adolescents.”®® Asymmetry in shoulder height is the
most common incorrect

posture among Chinese

adolescents.'® To measure trunk asymmetry, the most
commonly used method is clinical examination using
a scoliometer combined with the Adam’s forward bend
test (FBT), which is the easiest and most reliable noninva-
sive method to quantify the angle of trunk rotation
(ATR)*'3* with good specificity and sensitivity.>>*® We
hypothesized that early adolescents with trunk asymmetry
have a poorer health-related quality of life than those
without asymmetry, with the probability of trunk asymme-
try being higher among early adolescents who use compu-
ters and smartphones for longer durations. Moreover,
potential factors that have been investigated in previous

studies on postural abnormalities,®"*'>2°

including demo-
graphic factors such as age, weight, and BMI; external
factors such as school bag weight; and daily activities
such as the time spent doing homework, the time spent

performing physical activity, and the amount of screen
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time, are also considered to identify the association
between such factors and the presence of trunk asymmetry

in early adolescents.

Materials and Methods

Participants
A total of 200 early adolescents (52 male and 148 female)
aged 10 to 14 years were selected from a school screening
program jointly conducted by the Hong Kong Polytechnic
University and the Chinese University of Hong Kong at
local primary/secondary schools at the Hong Kong
Polytechnic University from 2017 to 2021. The inclusion
and exclusion criteria of the study were determined fol-
lowing a literature review.'”>” The eligibility criteria
included the ability to 1) maintain a standing position
without help, 2) understand and comply with instruc-
tions, 3) read and write in Chinese, and 4) complete the
questionnaire properly. Early adolescents with known
diagnoses of musculoskeletal or developmental disorders
that may affect the spinal curvature, surgical intervention
of the spine, or mental and/or psychological disabilities
were excluded. During screening, early adolescents under-
went upper body posture assessment and were asked to
complete the Hong Kong version*® ™! of the 36-item Short
Form Health Survey (SF-36),*** which assessed their
health-related quality of life. They were also asked to
complete a customized questionnaire on potential factors
that have been investigated in previous studies on postural
abnormalities.®'>2% All data were collected in the pre-
sence of the early adolescents’ parents or guardians. All
early adolescents participated voluntarily, and informed
assent and written informed consent for participation
were obtained from the early adolescents and their parents,
respectively, prior to the study. The demographic data of
the participants is provided in Table 1. This study was
conducted in compliance with the principles outlined in
of the World Medical
research protocol

the Declaration of Helsinki
Association Assembly. The was
approved by the Human Subjects Ethics Sub-committee
of the Hong Kong Polytechnic University, the Survey and
Behavioral Research Ethics Committee, and the Joint
Chinese University of Hong Kong—New Territories East
Cluster Clinical Research Ethics Committee of the
Chinese University of Hong Kong. All methods were
performed in accordance with the relevant guidelines and

regulations.

Assessment of Upper Body Posture
During screening, assessment of upper body posture of all
early adolescents was conducted by an independent experi-
enced prosthetist-orthotist (P&QO), who was blinded to the
hypotheses of the study, using visual inspection of physical
signs, Adam’s FBT and measurement of the ATR using
a scoliometer (OSI, Orthopaedic Systems Inc., Hayward,
CA, USA).* With reference to the limits for postural asym-
metry proposed by Vercauteren et al,** the visual inspection of
trunk asymmetry and spinal curvature in the median plane
involved checking for the presence of head tilt, shoulder
asymmetry (high and low shoulder), hip and pelvic obliquity
(hip/pelvic tilt), and deviation of the spinal curvature from the
median plan while the participants were in a standing upright
position. During the FBT, the participants were requested to
slowly bend 90 degrees forward at the waist, with their feet
placed together, knees straight, chin tucked to the chest, arms
hanging down freely and palms held together.***° The scoli-
ometer was placed over the spinous processes and glided
along the back surface of the thoracic and lumbar spine to
measure the ATR while the participants performed the Adam’s
FBT. Depending on the location of the thoracic rotational
prominence or lumbar flank prominence, the participants
were asked to bend forward until the hump became apparent.
The scoliometer was then placed at the level of the most
prominent aspect of the hump, with the “0” mark centered
over the spine. The ATR, as measured by a scoliometer in the
thoracic and lumbar regions, was then recorded.’'~’
Measurement of the ATR using a scoliometer has been
described in the literature as a reliable, noninvasive measure
of trunk asymmetry,’'>* and its cutoff point is usually
between 5° and 7°.>**7 In the study, an ATR > 5° with one
or more observable physical signs of postural problems on
visual inspection was considered as indicative of trunk
asymmetry.”®

Of the 1294 early adolescents who were screened, 100
(7.7%; 26 males and 74 females) were identified to have
trunk asymmetry, while the remaining early adolescents
either did not demonstrate trunk asymmetry or demonstrated
mild trunk asymmetry with an ATR of < 5°. Given that
a previous study demonstrated the sex effect on trunk asym-
metry (with trunk asymmetry being more common in
females than in males),”® a control group with trunk symme-
try having a similar sex distribution and sample size was used
for comparison. As a result, 100 early adolescents, who were
matched according to sex (;*(1) = 0.00, p = 1.00) by intention
and age [#(198) =—0.99, p = 0.32], were stratified by sex and
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Table | Demographic Information of Early Adolescents with and without Trunk Asymmetry
Without (n = 100) With (n = 100)
Variable N Mean SD Range N Mean SD Range Irl)(2 P
Age (years) 100 11.94 0.63 =13 100 1205 | 0.92 10-14 —0.99 | 0.32
Sex
Male 26 26 0.00 1.00
Female 74 74
Height (cm) 100 | 154.75 7.52 134.00-174.00 | 100 | 154.81 | 7.32 | 133.50-175.00 | —0.06 | 0.95
Weight (kg) 100 | 45.18 11.29 26.00-87.70 100 | 43.13 7.54 27.50-60.70 1.51 0.13
BMI 100 18.64 3.30 13.24-29.64 100 1789 | 2.19 13.47-24.49 1.89 0.06
Weight of school bag (kg) 89 4.07 2.10 0.50-11.00 93 425 221 1.00-10.00 -0.56 | 0.58
Angle of thoracic rotation 147.83 | 0.00
Normal (ATR: 0-2°) 100 15
Rotate to the left (ATR: 3° - 4°) - 2
Rotate to the right (ATR: 3° - 4°) - 3
Rotate to the left (ATR 2 5°) - 12
Rotate to the right (ATR 2 5°) - 68
Angle of lumbar rotation 63.16 0.00
Normal (ATR: 0-2°) 100 52
Rotate to the left (ATR: 3° - 4°) - 7
Rotate to the right (ATR: 3° - 4°) - I
Rotate to the left (ATR 2 5°) - 20
Rotate to the right (ATR 2 5°) - 10
Head tilt 1622 | 0.00
Absence 100 85
Presence - 15
High and low shoulder 53.17 0.00
Absence 100 58
Presence - 42
Spinal curvature 18.58 | 0.00
Absence 100 83
Presence - 17
Hip/Pelvic Tilt 35.29 0.00
Absence 100 70
Presence - 30

randomly selected from the pool of early adolescents with an
ATR of between 0° and 2° and no physical signs of postural
asymmetry (Table 1).

Measures

Health-Related Quality of Life

The Hong Kong version®® ! of the SF-36**** was used to
measure the participants’ health-related quality of life in
the physical and mental domains. The scale has been

adapted to and validated for over 40 countries®' and com-

5254 Wwith norm

monly used in adolescent populations,
reference criteria available from 14 countries,”’ including
Hong Kong.>*** The SF-36 consists of 35 questions that
are summarized into eight multi-item scales under two
domains, and one self-reported question which is related
to health transition as compared to one year ago. The four
scales related to the physical domain of the health-related

quality of life are physical functioning (10 items), role
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limitation due to physical health problems (4 items), bod-
ily pain (2 items) and general health (5 items), whereas the
four scales related to the mental domain of the health-
related quality of life are vitality (energy/fatigue; 4
items), social functioning (2 items), role limitation due to
emotional problems (3 items) and mental health (5
items).>> The scores for all items in each of the eight
scales are summed and transformed according to the stan-

6* into a standardized

dard scoring algorithm of the SF-3
scale score for each scale. The scale scores range from 0 to
100, with a higher score indicating a better health-related
quality of life. As this study does not focus on changes in
health over time, the self-reported health transition item,
which is an independent question that is not used to score
any of the eight multi-item scales as stated in the

manual,*® was not used for analysis in this study.

Questionnaire on Demographic Information and
Daily Activities

All of the participants were asked to complete a questionnaire
on demographic information and daily activities customized
for this research that gathered data on age, height, body
weight, school-bag weight and various daily activities that
may affect upper body posture based on previous
studies.*”'>?° For daily activities, the participants were
asked to rate the average daily duration over the past week
spent (1) using a computer; (2) using a smartphone; (3) watch-
ing television, videos and DVDs; and (4) doing homework on
the following scale: (a) never, (b) less than 1 hour, (c) 1 to 2
hours, (d) 3 to 4 hours and (¢) more than 4 hours; and (5) doing
physical exercises on the following scale: (a) never, (b) half
an hour, (¢) 1 hour and (d) more than 1 hour. The scales for the
average daily duration spent performing these activities were
adapted from the study by Kraténova et al,” in which early
adolescents spent an average of less than 1 hour per day
performing physical exercise and an average of 2 hours
per day watching TV or using the computer. The questionnaire

has been used in our studies,>®>’

in which the scales generally
achieved a normal distribution for the data being collected.
Height and body weight were measured and recorded by
a research assistant during screening and used to calculate
the BMI using the formula of weight in kilograms divided

by height in meters squared (kg/m?).

Data Processing and Analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS, Version 25.0, IBM
Corp, USA). Demographic variables, daily activities, and

the physical and mental domains of the health-related
quality of life were compared between early adolescents
with and without trunk asymmetry using independent sam-
ples t-tests, chi-square (y°) tests or Mann—Whitney U-tests.
Logistic regression was performed to investigate the odds
ratios of daily activities for trunk asymmetry. A p-value of
less than 0.05 was considered statistically significant.

Results

Demographic Characteristics

Given that some early adolescents were not sure of the weight
of their school bag, some of them (symmetry, n = 11; asym-
metry, n = 7) did not provide the corresponding information in
the questionnaire. As shown in Table 1, the results of indepen-
dent-samples #tests did not reveal statistically significant dif-
ferences in height (£(198) = —0.06, p = 0.95), weight (£(198) =
1.51, p=0.13), BMI (£198) = 1.89, p = 0.06), or school bag
weight (1(190) = —0.56, p = 0.58) between early adolescents
with and without trunk asymmetry. Therefore, two groups of
early adolescents were matched in terms of height, weight,
BM], and school bag weight.

Prevalence of Postural Abnormalities
Among Early Adolescents with Trunk

Asymmetry

Among the 100 early adolescents with trunk asymmetry,
the prevalence of thoracic and lumbar rotation > 5° was
80% and 30%, respectively. Most of these participants (90
of 100) had a thoracic or lumbar rotation of > 5°, while the
remaining had an ATR > 5° in both the thoracic and
lumbar regions. The most frequently found physical sign
of trunk asymmetry was shoulder asymmetry (42%), fol-
lowed by followed by hip/pelvic tilt (30%), spinal curva-
ture (17%) and head tilt (15%).

A comparison of postural abnormalities between male
and female participants revealed that the prevalence of
head tilt and spinal curvature was similar between males
and females. The prevalence of lumbar rotation was sig-
nificantly higher in males than in females (65.4% vs
41.9%, (1) = 4.25, p = 0.04). In contrast, the prevalence
of shoulder asymmetry was significantly higher in females
than in males (50.0% vs 19.2%, y*(1) = 7.48, p = 0.01), as
was the prevalence of hip/pelvic tilt (36.5% vs 11.5%, x*
(1) = 5.70, p = 0.02) and thoracic rotation (89.2% vs
73.2%, (1) = 3.92, p = 0.05).
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Influence of Trunk Asymmetry on the
Health-Related Quality of Life

Descriptive statistics on the scales of SF-36 for early adoles-
cents with and without trunk asymmetry are provided in
Table 2. Compared with early adolescents with trunk symme-
try, those with trunk asymmetry reported a significantly lower
mean score for six out of the eight scales under the physical and
mental domains of the health-related quality of life. The results
of independent samples #-tests revealed statistically significant
differences between the two groups in the physical scales of
bodily pain (Mg = 5.08, 95% CI [1.30, 8.86], #(198) = 2.65,
p = 0.01) and general health (Mg = 9.41, 95% CI [5.01,
13.81], #198) = 4.22, p < 0.001), and in the mental scales of
vitality (energy/fatigue) (Mg = 10.70, 95% CI [5.99, 15.41], ¢
(198) =4.48, p <0.001), social functioning (M= 5.25, 95%
CI[1.24,9.26], #(198) = 2.58, p = 0.01), role limitation due to
emotional problems (M= 9.00, 95% CI [3.42, 14.58], #(198)
= 3.18, p = 0.002) and mental health (M = 12.84, 95% CI
[8.65, 17.03], #(198) = 6.04, p < 0.001). In contrast, no sig-
nificant differences were found in the physical scales of phy-
sical functioning and role limitation due to physical health
problems between the two groups (p > 0.05).

Association Between Trunk Asymmetry
and Daily Activities

Given the statistically significant differences in the physi-
cal and mental domains of the health-related quality of life
between early adolescents with and without trunk asym-
metry, we further compared the two groups with respect to
the average durations spent daily over the past week in
some daily activities that may be associated with trunk
asymmetry, including (1) using a computer; (2) using

a smartphone; (3) watching television, videos and DVDs;
(4) doing homework; and (5) doing physical exercise.

Computer Use

The average daily durations of computer use over the past
week among early adolescents with and without trunk asym-
metry are shown in Figure 1. The number of early adoles-
cents who never used a computer or used a computer for an
average daily duration of less than 1 hour to up to 2 hours
over the past week was higher in the trunk symmetry group
(n = 96) than in the trunk asymmetry group (n = 71).
However, the number of early adolescents who used
a computer for an average daily duration of 3 to 4 hours
over the past week in the trunk asymmetry group (n = 11)
was more than double that in the trunk symmetry group
(n = 4). Notably, computer use for an average daily duration
of more than 4 hours over the past week was reported only
among early adolescents with trunk asymmetry, occurring in
nearly one-sixth of the participants in this group (n = 16).
The results of a Mann—Whitney U-test indicated that the
average daily duration of computer use was significantly
higher in early adolescents with trunk asymmetry (mean
rank: 109.71) than in those with trunk symmetry (mean
rank: 89.50; U = 3899.50, z = —2.62, p = 0.009). To further
identify whether computer use predicted trunk asymmetry
among early adolescents, a binary logistic regression analy-
sis was conducted. The results showed that computer use
accounted for a significant amount of variance in trunk
asymmetry [likelihood ratio x* (1) = 13.09, p < 0.001].
The Nagelkerke pseudo-R* further showed that approxi-
mately 8.5% of the variance in trunk asymmetry was
accounted for by computer use. The model was able to
correctly classify 45.9% of the early adolescents who

Table 2 Descriptive Statistics on the Scales of SF-36 for Early Adolescents with and without Trunk Asymmetry

Without (n = 100) With (n = 100)
Variable N Mean SD Range N Mean SD Range ty? P
SF-36 Scales
Physical functioning 100 | 96.85 | 1091 | 30.00-100.00 | 100 | 96.35 | 12.08 | 5.00-100.00 | 0.31 | 0.76
Role limitation due to physical problems 100 | 9850 | 8.57 | 25.00-100.00 | 100 | 96.25 | 11.98 | 25.00-100.00 | [.53 | 0.13
Bodily pain 100 | 9526 | 12.03 | 0.00-100.00 | 100 | 90.18 | 14.90 | 42.00-100.00 | 2.65 | 0.0l
General health 100 | 87.65 | 12.24 | 47.00-100.00 | 100 | 7824 | 18.65 | 40.00-100.00 | 4.22 | 0.00
Vitality (energy/fatigue) 100 | 83.20 | 14.31 | 30.00-100.00 | 100 | 72.50 | I9.11 | 10.00-100.00 | 4.48 | 0.00
Social functioning 100 | 95.63 | 12.61 | 0.00-100.00 | 100 | 90.38 | 1598 | 37.50-100.00 | 2.58 | 0.0l
Role limitation due to emotional problems | 100 | 97.00 | 12.62 | 0.00-100.00 100 | 88.00 | 25.30 | 0.00-100.00 | 3.18 | 0.00
Mental health 100 | 8528 | 12.43 | 32.00-100.00 | 100 | 72.44 | 17.23 | 12.00-100.00 | 6.04 | 0.00

Abbreviation: SF-36, 36-ltem Short Form Health Survey.
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Figure | Average daily durations of computer use over the past week among early adolescents with and without trunk asymmetry.

reported trunk asymmetry and 71% of those who reported
trunk symmetry, with an overall success rate of 58.6%. The
use of a computer was a significant predictor of trunk
asymmetry (b = 0.49, SE = 0.14, p < 0.001). The odds
ratio for computer use was 1.63, with a 95% confidence
level of [1.23, 2.14], which suggests that early adolescents
who used a computer for less than 1 hour to more than 4
hours were 1.63 times more likely to report trunk asymmetry
than those who did not use a computer.

Smartphone Use

As shown in Figure 2, most of the early adolescents with
trunk symmetry (n = 85) or trunk asymmetry (n = 76) never
used a smartphone or used a smartphone for an average daily
duration of less than 1 hour to 2 hours over the past week.
Though the number of early adolescents who used

60 -

W
(e}
M
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No. of Participants
s 8

—
(=]
M

Less than 1 hour

Never

1-2 hours

smartphone for an average daily duration of 3 to 4 hours
and more than 4 hours was slightly higher in the trunk
asymmetry group (n = 14 and n = 7, respectively) than in
the trunk symmetry group (n = 11 and n = 4, respectively),
the results of a Mann—Whitney U-test did not indicate
a statistically significant difference in the duration of smart-
phone use between the two groups (U = 4849.50, z = —0.00,
p=0.99).

Time Spent in Watching Television, Videos and DVDs
As shown in Figure 3, most of the early adolescents with
trunk symmetry (n = 93) or trunk asymmetry (n = 87)
never watched television, videos and DVDs or watched
these for an average daily duration of less than 1 hour to
up to 2 hours over the past week. Though the number of
early adolescents who watched television, videos and

= Without
= With

3 -4 hours More than 4 hours

Daily Average Duration over the Past Week

Figure 2 Average daily durations of smartphone use over the past week among early adolescents with and without trunk asymmetry.
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Figure 3 Average daily durations spent in watching television, videos and DVDs over the past week among early adolescents with and without trunk asymmetry.

DVDs for more than 4 hours was six-times higher in the
trunk asymmetry group (n = 6) than in the trunk symmetry
group (n = 1), the results of a Mann—Whitney U-test did
not indicate a statistically significant difference in the time
spent in watching television, videos and DVDs between
the two groups (U = 4453.00, z = —1.07, p = 0.28).

Time Spent in Doing Homework

Over half of the early adolescents with trunk symmetry
(n = 57) or trunk asymmetry (n = 55) spent an average
daily duration of 1 to 2 hours in doing homework over the
past week (Figure 4). Moreover, the number of early
adolescents who spent no time to up to 4 hours in doing
homework over the past week was similar between the
trunk symmetry and trunk asymmetry groups. Though the
number of early adolescents who spent an average daily

ts

icipan

No. of Part
S

duration of more than 4 hours in doing homework was 9
times higher in the trunk asymmetry group (n = 9) than in
the trunk symmetry group (n =1), the results of a Mann—
Whitney U-test did not indicate a statistically significant
difference in the time spent in doing homework between
the two groups (U = 4701.00, z = —0.28, p = 0.78).

Time Spent in Doing Physical Exercises

Most of the early adolescents with trunk symmetry
(n = 90) or trunk asymmetry (n = 90) spent at least half
an hour performing physical exercise daily over the past
week (Figure 5), indicating that early adolescents with
trunk asymmetry spent a similar amount of time on such
activities as those with trunk symmetry. Consistently, the
results of a Mann—Whitney U-test did not indicate
a statistically significant difference in the time spent in

= Without
= With

Never Less than 1 hour

1 -2 hours

3 -4 hours More than 4 hours

Daily Average Duration over the Past Week

Figure 4 Average daily durations spent in doing homework over the past week among early adolescents with and without trunk asymmetry.
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Never Half an hour

= Without
u With

More than 1 hour

1 hour

Daily Average Duration over the Past Week

Figure 5 Average daily durations spent in doing physical exercises over the past week among early adolescents with and without trunk asymmetry.

doing physical exercise between the

(U = 4720.00, z = —0.09, p = 0.93).

two groups

Discussion

This study investigated the effects of trunk asymmetry on
the physical and mental domains of the health-related
quality of life, and of various daily activities on trunk
asymmetry, among early adolescents in Hong Kong.
Consistent with our hypothesis, early adolescents with
trunk asymmetry had a lower health-related quality of
life in two scales of the physical domain and all scales
of the mental domain, compared with early adolescents
with trunk symmetry. In particular, except for physical
functioning and role limitation due to physical health
problems, statistically significant differences were found
in all other scales, including bodily pain, general health,
vitality (energy/fatigue), social functioning, role limitation
due to emotional problems and mental health, between
early adolescents with trunk symmetry and those with
trunk asymmetry. The findings are in line with previous
research that investigated the negative associations
between posture abnormalities, musculoskeletal symptoms

and disorders,!' '*

and a range of physical health problems
and psychosocial difficulties that are commonly reported
children

abnormalities.>”**2>?7 Given that the average daily dura-

among and adolescents with  posture
tion of computer use was significantly longer for early
adolescents with trunk asymmetry than for those without
trunk asymmetry, it could be argued that the differences in
the health-related quality of life may be due to the differ-

ence in the daily duration of computer use between these

two groups. To rule out this possibility, another study was
carried out to explore the influence of computer use on the
health-related quality of life in early adolescents. The
results show that the average daily duration of computer
use had a significantly negative association with only two
scales of the mental domain: vitality (energy/fatigue) and
mental health (unpublished study). Therefore, the differ-
ences in the two scales of the physical domain and other
scales of the mental domain were very likely due to trunk
asymmetry and cannot be attributed to the average daily
duration of computer use.

Our study found a statistically significant association
between trunk asymmetry and the average daily duration
of computer use. Specifically, early adolescents who used
a computer for an average daily duration of less than
1 hour to over 4 hours were found to be 1.63-times more
likely to have trunk asymmetry than those who did not use
a computer. While most of the early adolescents with trunk
symmetry (n = 96) in our sample did not use a computer or
tended to use a computer for less than 1 hour to up to 2
hours, there were more early adolescents with trunk asym-
metry (n = 27) than those without trunk asymmetry (n = 4)
who tended to spend an average daily duration of 3 hours
or more on computer. In addition, computer use for more
than four hours was only found among early adolescents
with trunk asymmetry, accounting for around 16% of this
group. Although the success rate of the predictive model in
this study was not very high, the findings add to our
knowledge on postural abnormalities by showing that pro-
longed computer use is likely associated with a higher
probability of trunk asymmetry in early adolescents. The

Patient Preference and Adherence 2021:15

https:

2297

Dove:


https://www.dovepress.com
https://www.dovepress.com

Cheung et al

Dove

findings further support the importance of identifying the
daily activities that are potential factors associated with
postural abnormalities among early adolescents. At pre-
sent, there is no conclusive recommendation on the desir-
able duration of screen time for early adolescents, but it
has been shown that a daily screen time duration exceed-
ing 2.5 hours is significantly associated with a lower qual-
ity of life and a range of negative health outcomes,®
which is comparable to the trend of the average daily
duration of computer use found in this study. Studies
have also reported that a long duration of computer use
is associated with poor posture’ and increasing odds of
lower back pain among adolescents.'>>* ! Therefore, it is
important to delineate an acceptable average daily duration
of computer use for early adolescents to reduce the prob-
ability of trunk asymmetry or other postural abnormalities.

Contrary to our hypothesis, other screen time activities,
such as the use of a smartphone and time spent watching
television, videos and DVDs did not show significant
association with trunk asymmetry in early adolescents.
These findings are also contrary to the association between

screen time activities and musculoskeletal
62,6

concerns
reported in previous studies.®”®> Consistent with our
study, one study that investigated the effects of various
screen time activities on bodily pain reported that the risk
of neck and lower back pain was associated with computer
use, but not with the duration of mobile phone use or
television watching.®® Unexpectedly, the average daily
duration of other daily activities, such as the time spent
doing homework and physical exercises, did not show
significant difference between early adolescents with and
without trunk asymmetry. These results also differ from
those of existing studies on the negative influence of
sedentary life habits and reduced levels of physical activity
on posture abnormalities.®”'> Our results show that
around 7-8% of early adolescents did not participate in
any physical exercise or sports every day. Although early
adolescents spent the least amount of time performing
physical exercise or sports compared with other daily
activities, most of the early adolescents with trunk sym-
metry (n = 90) or trunk asymmetry (n = 90) still spent at
least half an hour performing physical exercise every day
in addition to the mandatory physical education classes,
which vary in duration between schools (around 80 to 100
minutes each week in the Hong Kong school system).
Indeed, the overall average daily duration spent perform-
ing physical exercise every day was in parallel to that in
a study by Kraténové et al,” in which early adolescents

spent an average of less than 1 hour per day performing
physical exercise. Regarding the average daily duration of
doing homework, there was no significant difference
between the two groups, with a median value of 1-2
hours every day. It is thus speculated that the non-signifi-
cant difference between early adolescents with trunk sym-
metry and trunk asymmetry in these two daily activities in
this study may be related to the adoption of a correct body
posture when doing homework® and the regularity of
doing physical exercise’® among early adolescents.
Specifically, the differences between the effects of compu-
ter use and other daily activities on trunk asymmetry may
be due to differences in the characteristics of habitual
posture adopted during specific daily activities, and not
the activities per se. The postural habits of adolescents
differ by screen-based activity type,”” and these habits
may significantly influence trunk asymmetry. Indeed,
a computer, whether it is a laptop or a desktop, remains
immobile on the lap or desk, entailing the individual to
maintain the same static posture while performing repeti-
tive upper extremity motions, such as typing on the key-
board and using the mouse.®® Early adolescents usually
adopt a slumped posture with head flexion during compu-
ter use, which is associated with chronic pain, especially in
the lower back area.’>%” As a result, it is conceivable that
the postures adopted by early adolescents while perform-
ing other daily activities, such as using a smartphone,
watching TV or doing homework, may not be as restricted
as those taken when using a computer.

Of the 1294 ecarly adolescents who were screened, 100
(7.7%; 26 males and 74 females) were identified to have
trunk asymmetry, while the remaining early adolescents
either did not demonstrate trunk asymmetry or demon-
strated mild trunk asymmetry with an ATR of < 5°. The
percentage of early adolescents with trunk asymmetry
(males: 2.01%, females: 5.72%) was relatively comparable
to that found in the study of Balla and Hantiu®® in
Romania. These authors showed that in a sample of 487
early adolescents (260 males and 227 females) aged 10 to
15 years, 1.84% of early male adolescents and 7.28% of
early female adolescents had trunk asymmetry. Another
study of 2071 children and adolescents (1099 boys and
972 girls) aged 5 to 18 years also demonstrated that trunk
asymmetry is more common in females than in males,’
consistently suggesting that the influence of sex should be
considered when studying trunk asymmetry. A comparison
of males and females did not reveal sex differences in the
duration of time spent daily on different activities (p >
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0.05). Therefore, the higher prevalence rate of trunk asym-
metry in females cannot be attributed to the duration of
time spent daily on different daily activities, but the stage
of development (eg, puberty) may play a role, as puberty
starts earlier in females than in males. To determine the
effects of puberty on trunk asymmetry, a larger sample of
early adolescents from different age groups should be
recruited to examine if the main effect of sex—that is,
the higher percentage of cases of trunk asymmetry—is
consistently observed in females from different age
groups, or if an interaction effect of sex and age is
found. Consistent with a previous study,’® trunk asymme-
try was much more common to the right than to the left.
Given that a positive association has been reported
between the laterality of trunk asymmetry and hand dom-

inance in school children,68’69

the possibility that our find-
ing was also related to hand dominance cannot be ruled
out. While it is worthwhile to perform additional studies
on early adolescents to further confirm the association
between the laterality of trunk asymmetry and hand dom-
inance, clinical evaluation of trunk asymmetry should
include the evaluation of hand dominance laterality in
the future.

The results of our study should be considered along
with the following limitations and future research possibi-
lities. As this study investigated the average durations that
early adolescents spent daily in various daily activities, we
were not able to elucidate the postures that early adoles-
cents adopted during these daily activities or the regularity
of these activities, although these factors may contribute to
trunk asymmetry. Further investigation is warranted to
explore the independent and combined influences of the
duration and regularity of various daily activities, as well
as of the postures adopted during these daily activities, on
trunk asymmetry among early adolescents to further
understand the nature of factors that may affect posture
in this population. In addition, this study only investigated
a few daily activities that are commonly performed by
early adolescents; thus, a wider range of daily activities
can be investigated in the future to identify more potential
factors for trunk asymmetry in this population. Although
the assessment of upper body posture was performed by an
independent and experienced P&O, subjective measure-
ment bias, which is difficult to avoid completely, cannot
be ruled out. For instance, as self-report measures were
used in this study, discrepancies between self-reported and
actual daily durations of daily activities may exist. In
future studies, log data on various daily activities may be

collected via smart devices to generate more comprehen-
sive and objective observations. In this study, more than
70% of the participants were female. Thus, our findings
may be more reflective of the situation of early female
adolescents in Hong Kong than of early male adolescents.
The result regarding the higher prevalence of shoulder
asymmetry and hip/pelvic tilt among female than males
should be considered in light of this limitation. Finally,
this study used a cross-sectional design, which makes it
difficult to examine the influence of the developmental
level on trunk asymmetry, draw causal inferences, and
generalize the findings to a broader population. Given
that pubertal growth spurts are highly prone to postural
abnormalities,” it is possible that the stage of development
(eg, puberty) may also play a role in the development or
progression of trunk asymmetry, especially in females. In
addition, it is conceivable that early adolescents with trunk
asymmetry and lower health-related quality of life may
spend more time in front of a computer, could worsen
trunk asymmetry and health-related quality of life.
A longitudinal study is strongly recommended to investi-
gate the change in the severity of trunk asymmetry, health-
related quality of life, and duration of daily activities over
time and to determine the causal effects between trunk
asymmetry, health-related quality of life, and daily activ-
ities among early adolescents, as well as the influence of
puberty on trunk asymmetry.

Despite these limitations, this study demonstrated the
negative influence of trunk asymmetry on the physical and
mental domains of the health-related quality of life in early
adolescents and the negative association between computer
use and trunk asymmetry in this cohort. At a time such as the
COVID-19 pandemic, when the use of computers for educa-
tion, social and entertainment purposes has increased drasti-
cally, this study wishes to raise awareness among early
adolescents, parents and schools about the importance of
being mindful of the time spent by early adolescents in using
computers, the postures they adopt and the negative impact of
trunk asymmetry on their health-related quality of life.
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